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Raise the Flag I: the impact of a sepsis
quality improvement programme on
delivery of a sepsis resuscitation bundle
at a tertiary hospital in New Zealand

Katherine M Walland, Camilla Howard, Odette Paul, Paul J Huggan

ABSTRACT

AIMs: To study changes in sepsis resuscitation practice at a tertiary hospital before and after the introduction of a quality improvement
programme, and to identify variables associated with its delivery.

METHODS: “Raise the Flag”, a quality sepsis programme, including the Sepsis Six, was launched in 2018. Adult patients with sepsis were
sampled prior to the intervention and during two subsequent periods.

REsULTS: Clinicians were more likely to deliver the resuscitation bundle in the post-implementation period (adjusted odds ratio [aOR]
2.20, 95% confidence interval [CI] 1.27-3.79, p=0.005). This was not sustained at 18-30 months (aOR 1.22, 95% Cl 0.89-1.66, p=0.21).
After adjusting for potential confounders, each additional decade of patient age was associated with reduced odds of receiving the
bundle (aOR 0.83, 95% Cl 0.73-0.95, p=0.005). Admission to intensive care increased in the combined post-implementation periods
(aOR2.81,95% Cl 1.13-6.97, p=0.03).

CONCLUSION: The odds of receiving a resuscitation bundle improved immediately following the launch of the Raise the Flag

programme. Resuscitation practice differed based on patient age. Odds of admission to intensive care were increased.

lobal epidemiological studies suggest

that sepsis may contribute directly, or

indirectly, to as many as 20% of deaths
world-wide.! In New Zealand, sepsis exerts
a significant burden of cost and population
morbidity, with Maori and Pasifika people, the
elderly and those experiencing socio-economic
disadvantage most at risk.? System-wide efforts
to improve sepsis recognition and outcomes are
a crucial response to this challenge.

Translation of best practice clinical guide-
lines into practice is facilitated using care
bundles. Longitudinal studies show that it is
possible to improve sepsis care using these
bundles. For example, the “Sepsis Kills”
programme was associated with a 22% increase
in the delivery of antibiotic therapy within 60
minutes of arrival in participating emergency
departments in New South Wales between 2011
and 2013.® Prompt receipt of a sepsis resuscita-
tion bundle is associated with reduced mortality.
Mortality after Sepsis Kills fell from 19.3% to 14.1%.
In the United Kingdom (UK), an observational study
reported by Daniels et al. showed that the receipt
of a sepsis resuscitation bundle within 1 hour was
associated with a mortality of 20%, compared to a

mortality of 44.1% in those who did not receive it.*
Inresponse to this and other evidence, the National
Institute of Clinical Excellence published guidance
recommending screening and resuscitation of
sepsis based on the presence of clinical findings
associated with a high risk of in-hospital mortality.’
In 2018, New Zealand adopted these recommen-
dations as a national standard for sepsis care. This
provided the opportunity to develop, implement
and study the performance of a sepsis screening
and action tool within a whole-of-system quality
improvement programme. Introduced to public
hospitals in the Waikato Region, the whole sepsis
advocacy and change programme became known
as “Raise the Flag”. Within this, collaboration with
the UK Sepsis Trust (UKST) led to adoption of the
UKST Red Flag Sepsis Screening Tool and the Sepsis
Six, which was modified to suit practice in our
setting. The Raise the Flag programme (available
at www.sepsis.org.nz) aimed to empower front-
line clinical staff to deliver the sepsis resuscitation
bundle. We conducted a pre- and post-implemen-
tation evaluation of the Red Flag Sepsis Screening
Tool and the Sepsis Six at Waikato Hospital, a
600-bed, publicly funded, tertiary-level academic
hospital in the North Island of New Zealand.
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Methods
Setting

A multi-disciplinary Sepsis Action Group
(SAG) was established in 2016. The SAG consisted
of clinical champions, quality improvement
experts, senior executives and data analysts. To
lead and sustain programme implementation,
a nurse coordinator was appointed in 2018. The
Red Flag Sepsis Screening Tool and the Sepsis Six
were launched to all clinical areas in Waikato
Hospitalin August2018. Apackage of interventions
aimed at changing clinical behaviour included a
sepsis e-learning package for all clinical staff, the
addition of sepsis screening prompts to all vital
sign charts, and commissioning of a multi-media
design package to increase programme visibility
in clinical and non-clinical areas.

Direct feedback on Sepsis Six compliance in
individual cases admitted to high dependency
units (HDUs) or intensive care units (ICUs) was
provided to clinical teams via email from the
sepsis nurse coordinator during 2019 and 2020.
Audit results were presented to the SAG in July
2018, July 2019 and September 2020, and to the
hospital via a grand round presentation in August
2019 and August 2022, coinciding with yearly
hospital-wide promotion of World Sepsis Day.
A sepsis newsletter was circulated to all staff
quarterly from December 2018.

Case definition and audit strategy

The study was registered prospectively with
the Waikato Hospital Quality and Patient Safety
office. As a low-risk observational study, it was
considered exempt from Health and Disability
Ethics Committee review.

We identified potential cases of sepsis using the
New Zealand Sepsis Indicator (NZSI).%® This makes
use of the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision,
Australasian Modification (ICD-10-AM) to identify
patients in hospital discharge data who have both
a primary infection diagnosis and a secondary
diagnosis consistent with organ failure. Eighty-
six percent of cases identified in this way satisfy
the third international consensus definition of
sepsis.®7

A random number-generating algorithm was
used to select 10 cases a month, satisfying NZSI
criteria to review. Selected cases went forward for
full data collection, where clinician documentation
of infection and at least one high-risk clinical find-
ing (red flag) were found together. The red flags
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used to select cases for this study are the same as
those in the Red Flag Sepsis Screening tool that
qualifies patients for receipt of the Sepsis Six,
and are: responds only to voice or pain or unre-
sponsive; systolic blood pressure less than or
equal to 90mmHg; heart rate more than 130 beats
per minute; respiratory rate more than or equal to
25 breaths per minute; needs oxygen to keep satu-
rations more than or equal to 92%; non-blanching
rash, mottled, ashen or cyanotic; not passed urine
in the last 18 hours; urine output less than 0.5
ml/kg an hour; lactate more than or equal to two;
and receipt of recent chemotherapy. The earliest
recorded time where both were present was termed
“time zero” (T0).

Excluded were those aged <15, those admitted only
for palliative management and those transferred
from other hospitals. We audited continuously from
December 2017 to May 2019. The pre-implementa-
tion group (subsequently referred to as Group 1)
represents cases presenting to Waikato Hospital
between October 2017 and July 2018. The post-
implementation group (Group 2) includes cases
presenting between August 2018 and May 2019. To
assess whether changes were sustained, we audited
throughout calendar year 2021 (Group 3).

Variables

Our primary outcome measure was completion
of the first five components of the Sepsis Six
bundle (“the sepsis bundle”) within 3 hours. The
final component of the Sepsis Six bundle, mea-
sure urine output, was excluded as fluid balance
charts are not routinely filed and this could not
be determined reliably in our retrospective audit.
The included actions are: administer oxygen;
take blood cultures; give intravenous (IV) anti-
biotics; give IV fluids; and check serum lactate. In
accordance with advice provided on the Sepsis Six
tool, oxygen delivery was deemed mandatory only
if oxygen saturations were <94%, and a fluid bolus
only if systolic blood pressure was <90mmHg or
the serum lactate was >2mmol/l. The time to
receipt of each item was recorded where these
data were available.

Our secondary outcome was the association
of Maori/Pasifika ethnicity with the delivery of
the sepsis bundle to assess for equitable roll out.
Other secondary outcomes included: the number
of red flags present for each patient; location of
the patient when sepsis was diagnosed; location
of hospital placement after recognition of sepsis;
source of sepsis; 30-day mortality and Charlson
Comorbidity Index.® The association between the
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Raise the Flag programme and ICU admissions
was a post hoc analysis to examine the wider
impact of the programme.

Data collection

A pre-specified data collection sheet, including
definitions, was used to standardise data collection
and all data collectors were trained in its use. Data
on red flags, mode of transport to hospital, hospital
location, infectious diagnosis and delivery of the
sepsis bundle were determined using paper and
electronic records. Demographic and ethnicity
data were collected using iPM (iPatient Manager,
DXC Technology, Tysons Corner, United States of
America [USA]). We used each patient’s national
health identifier (NHI) to determine comorbidity
index and mortality 30 days following TO. All ambi-
guities were reviewed and resolved by a second
investigator (KW).

Statistical analysis

Audit data were collected in Microsoft Excel
(Microsoft Corporation, Redmond, USA). Simple
statistics were used to describe data. Pearson’s
Chi-squared test was used to compare groups
containing categorical and binary data. Mantel-
Haenszel odds ratios (OR) were calculated for
associations of possible confounders with delivery
of the sepsis bundle within 3 hours. Variables
associated with either the exposure or outcome
variable with p<0.1 were included in multivariate
logistic regression. All data analysis was performed
in STATA version 16 (StataCorp, College Station,
USA). As this was an audit of an intervention
established as effective overseas, sample size was
determined pragmatically by the resources available
to collect data.

Results

In total, 610 records were selected for review.
Of these, 133 were excluded (98 presented to
another hospital, 13 were children, 22 were
for palliative care only). Of the remaining 477
records, 71 (14.9%) had no red flags, and 21 (4.4%)
had no documentation of infection. We collected
complete data for 385 eligible cases: 117 patients
in Group 1, 149 in Group 2 and 119 in Group 3.
Key demographic and clinical variables for these
patients are shown in Table 1.

The average age was 67+18 years; this was 9
years lower at 58+ 16 years in patients of Maori or
Pasifika ethnicity. Eighty-seven (23%) people died
within 30 days of TO.
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Table 2 describes the infection-related charac-
teristics of our cohort. Two hundred and eighty-
five (74%) patients arrived by ambulance. Three
hundred and eleven (81%) patients were under
the care of the emergency department at TO.
Six percent of patients in Group 1 and 14% of
patients in Group 3 were admitted directly to the
ICU after sepsis diagnosis.

Tables 1 and 2 show the association of poten-
tial confounding variables with pre- and post-
implementation periods. Patients were more
likely to present with haemodynamic instability in
the pre-implementation group than subsequent
groups (p<0.001). They were more likely to be
older than 75 years (p=0.05) and present with skin,
soft tissue, bone and joint infection (p=0.098).

We performed a univariate analysis of the
association between potential confounding
variables and the receipt of the sepsis bundle
within 3 hours. Age >75 was associated with a
reduced odds of sepsis bundle delivery (OR 0.58,
p=0.01). The presence of haemodynamic instability
(OR 1.71, p=0.01), three or more red flags (OR 2.05,
p=0.001), arrival by ambulance (OR 1.99, p=0.003)
and being under emergency department at TO (OR
3.81, <p=0.001) were associated with increased
odds of sepsis bundle delivery. There was no
evidence to support a crude association between
gender, Charlson Comorbidity score or ethnic-
ity and delivery of the bundle. Noting inter-
ethnic differences in population age structure,
we used Mantel-Haenszel methods to look for an
association between Maori/Pasifika ethnicity and
receipt of the sepsis bundle adjusted for age by
decade. In this analysis, Maori/Pasifika ethnicity
was associated with reduced odds of sepsis bundle
delivery (OR 0.55, 95% confidence interval [CI]
0.33-0.91, p=0.018).

On the basis of univariate associations, we
performed a logistic regression adjusting for
10-year age group, Maori/Pasifika ethnicity,
final diagnosis, the presence of haemodynamic
instability, the presence of three or more red
flags at TO, arrival by ambulance and manage-
ment under ED. Table 3 shows the associations
of these potential confounding factors with
delivery of the sepsis bundle across the whole
study population.

Being under emergency medicine at TO was
associated with an increased adjusted odds
ratio (aOR) for delivery of the sepsis bundle
(aOR 3.33, 95% CI 1.85-5.98, p<0.001). Age was
negatively associated with bundle completion.
For every increase in 10-year age group, the odds
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Table 1: Demographic characteristics of 385 adults with infection and high-risk clinical findings presenting to Waikato
Hospital, a tertiary centre in New Zealand, before and after a sepsis quality programme introduced in 2018.

p-value
Total Group 1: pre- Group 2: post- Group 3:
implementation | implementation | maintenance | (Group1vs
Group 2+3)
N=385 N=117 N=149 N=119

Mean age (SD) 67 (18) 69 (19) 67 (18) 65 (18) 0.23
Mean age Maori/
Pasifika 58 (16) 60 (18) 60 (15) 52 (15) 0.50
Age =75 161 (42%) 58 (50%) 61 (41%) 42 (35%) 0.05
Male gender 225 (58%) 71 (61%) 91 (61%) 63 (53%) 0.56
Ethnicity 0.52

Asian 13 (3%) 6 (5%) 3 (2%) 4 (3%)

Nz 253 (66%) 78 (67%) 97 (65%) 78 (66%)

European

NZ Maori 103 (27%) 27 (23%) 45 (30%) 31 (26%)

Pasifika 7 (2%) 2 (2%) 3 (2%) 2 (2%)

Other 9 (2%) 4 (3%) 1(1%) 4 (3%)
Median Charlson
Comorbidity Index 1(0-3) 1(0-3) 1(0-2) 1(0-3) 0.63
(IQR)

Missing 6 3 3 0
30-day mortality 87 (23%) 29 (25%) 33 (22%) 25 (21%)

ICU = intensive care unit; HDU = high dependency unit; IQR = interquartile range

of receiving the bundle fell by 17% (aOR 0.83, 95%
CI0.73-0.95, p=0.005).

Table 4 shows the crude and adjusted association
between Group 1 and Group 2 and between Group
1 and Group 3 in delivery of the sepsis bundle. In
the unadjusted analysis, clinicians in the post-
implementation period (Group 2) were more likely
to deliver the sepsis bundle within 3 hours than
those in pre-implementation Group 1 (OR 1.79,
95% CI 1.09-2.95, p=0.02). There was no difference
in sepsis bundle delivery comparing Group 3 and
Group 1 (OR 1.07, 95% CI 0.64-1.78, p=0.8).

In the adjusted analysis there remained a
significant positive association between the
post-implementation period and delivery of
the sepsis bundle (aOR 2.20, 95% CI 1.27-3.78,
p=0.005). Treatment in 2021 (Group 3) was not

associated with an increased odds of sepsis bundle
delivery over baseline (aOR 1.22, 95% CI 0.89-
1.66, p=0.21).

In a post hoc analysis we assessed whether
the implementation of the Raise the Flag
programme was associated with admission to our
ICU. The crude OR for ICU admission comparing
the post-implementation groups (Groups 2 and
3) with the pre-implementation group (Group 1)
was 2.36 (95% CI 1.01-5.51, p=0.04). Age group,
the presence of haemodynamic instability, being
under emergency department at TO and number
of red flags were all associated with admission to
ICU with a p-value of <0.1. In multivariate analysis, the
association between post-implementation periods
and admission to the ICU remained significant
(aOR 2.81, 95% CI 1.13-6.97, p=0.03).
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Table 2: Infection-related characteristics of 385 adults with infection and high-risk clinical findings presenting to
Waikato Hospital, a tertiary centre in New Zealand, before and after a sepsis quality programme introduced in 2018.

Sp02292%

p-value
Group 1: pre- Group 2: post- Group 3:
Total . . q 5 . (Group 1vs
implementation | implementation | maintenance P
Group 2+3)
N=385 N=117 N=149 N=119
Arrival by ambulance 285 (74%) 89 (76%) 111 (74%) 85 (72%) 0.55
Final diagnosis 0.098
Pneumonia | 93 (24%) 22 (19%) 48 (32%) 23 (19%)
Urinary tract infection | 91 (24%) 32 (27%) 26 (17%) 33 (28%)
Intra-abdominal
comi 46 (12%) 14 (12%) 17 (11%) 15 (13%)
infection
Ski ftti b
N, SOTLUSSUE, BONE | o3 (16%) | 26 (22%) 21 (14%) 16 (13%)
and joint infection
Meningitis/CNS
19 9 1(19 2 (29
infection 3 (1%) 0 (0%) (1%) (29%)
Device-related infection | 5 (1%) 1 (1%) 4 (3%) 0 (0%)
Endovascular infection | 11 (3%) 1 (1%) 9 (6%) 1 (1%)
Source unclear | 52 (14%) 18 (15%) 16 (11%) 18 (15%)
Other | 21 (5%) 3 (3%) 7 (5%) 11 (9%)
Under emergency 0 0 0 0
medicine at T0 311 (81%) 101 (86%) 120 (81%) 90 (76%) 0.11
Median number of red
2(1-3 2(1-4 2(1-3 2(1-3 0.11
flags (I0R) (1-3) (1-4) (1-3) (1-3)
Presence of haemo-
dynamic instability 141 (37%) 63 (54%) 60 (40%) 18 (15%) <0.001
(SBP<90 or lactate>4)
Red flags
Responds only to voice
. . 60 (16%) 12 (10%) 28 (19%) 20 (17%) 0.15
or pain/unresponsive
Systolic BP <90mmHg | 124 (32%) | 51 (44%) 47 (32%) 26 (22%) 0.002
Heart rate >130
cartrate=23uper 1 79 219%) | 21 (18%) 35 (23%) 23 (19%) 0.50
minute
Respiratory rate 225 per
piratory 2 PE 1 194 (50%) | 59 (50%) 87 (58%) 48 (40%) 0.013
minute
Need tok
ceds Oxygen toKeep 1159 (4106) | 51 (44%) 70 (47%) 38 (32%) 0.04
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Table 2 (continued): Infection-related characteristics of 385 adults with infection and high-risk clinical findings

80

presenting to Waikato Hospital, a tertiary centre in New Zealand, before and after a sepsis quality programme intro-

duced in 2018.
Non-blanching rash,
. 56 (15% 21(18% 21 (14% 14 (12% 0.40
mottled/ashen/cyanotic (15%) (18%) (14%) (12%)
Not passed urine in last
18 hours U0 <0.5ml/ | 24 (6%) 7 (6%) 12 (8%) 5 (4%) 0.43
kg/hr
Lactate >2mmol/l | 200 (52%) | 68 (58%) 59 (40%) 73 (61%) <0.001
Recent chemotherapy | 29 (8%) 7 (6%) 11 (7%) 11 (9%) 0.63
Placement after
. . . 0.21
diagnosis of sepsis
Generalward | 250 (65%) 81 (69%) 96 (64%) 73 (61%)
HDU | 88 (23%) 28 (24%) 32 (21%) 28 (24%)
ICU | 42 (11%) 7 (6%) 18 (12%) 17 (14%)
Mortuary | 5(1%) 1(1%) 3 (2%) 1(1%)

TO=time zero; IQR = interquartile range; BP = blood pressure; Sp02 = oxygen saturation; UO = urine output; HDU = high dependency
unit; ICU = intensive care unit

Table 3: Adjusted odds of sepsis resuscitation bundle delivery within 3 hours among 385 patients with infection and
high-risk clinical findings, based on key demographic and clinical variables in Waikato Hospital from 2018 to 2021.

Adjusted odds 95% confidence
. . p-value
ratio interval
Maori or Pasifika ethnicity 0.71 0.43-1.17 0.18
Under emergency medicine 3.33 1.85-5.98 <0.001*
Age group (for every increase of 10 years) 0.83 0.73-0.95 0.005*
H d ic instability (SBP <90 H
aemodynamic instability (SBP <90mmHg 133 0.79-2.23 0.29
or lactate >4
Arrival by ambulance 1.60 0.94-2.72 0.08
Three or more red flags 1.59 0.97-2.61 0.07
Final diagnosis 1.01 0.93-1.11 0.76

SBP = systolic blood pressure
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Table 4: Odds of sepsis resuscitation bundle delivery within 3 hours, before and after the introduction of the Raise
the Flag sepsis quality programme, in 385 patients with infection and high-risk clinical findings presenting to Waikato

Hospital, New Zealand from 2018 to 2021.

Sepsis bundle completion within 3 hours

Yes No Total
g::h':q ;ementation 58 (49.6%) 59 (50.4%) 117
g(r)ztl—?mzp:)lemen tion 95 (63.8%) 54 (36.2%) 149
Group 3: maintenance 58 (48.7%) 61 (51.3%) 119
Unadjusted analysis

OR 95% Cl p-value
Group 2 vs Groupl 1.79 1.09-2.95 0.02*
Group 3 vs Groupl 1.07 0.64-1.78 0.80
Multivariate analysis*

OR 95% Cl p-value
Group 2 vs Groupl* 2.20 1.27-3.79 0.005*
Group 3 vs Group 1* 1.22 0.89-1.66 0.21

OR = odds ratio; Cl = confidence interval

*Adjusted for care under emergency department at time zero, 10-year age group, final diagnosis, ethnicity, haemodynamic instability
(lactate =4 or systolic blood pressure <90mmHg), arrival by ambulance and three or more red flags.

Discussion

A comprehensive, hospital-wide sepsis initiative
was associated with improvements in delivery
of a sepsis resuscitation bundle at our hospital.
This improvement was not sustained at 18 to 30
months. In assessment of secondary and post hoc
end points, important findings were revealed
with respect to clinician and system performance.
Delivery of treatment by an emergency medicine
team increased the odds of sepsis bundle delivery
(aOR 3.33,95% CI 1.85-5.98, p<0.001). Increasing age
significantly reduced sepsis bundle completion,
despite excluding treatment ineligible patients
and adjusting for both haemodynamic insta-
bility and Charlson Comorbidity Index (aOR
0.83 for every 10 years of age, 95% CI 0.73-0.95,
p=0.005). The odds of being admitted to ICU (the

only area in our hospital we deliver vasoactive
medications) increased in the combined post-
implementation groups (aOR 2.81, 95% CI 1.13-
6.97, p=0.026). We suggest that the increased rates
of admission to ICU show that, despite a drift to
baseline in terms of immediate sepsis bundle
delivery, the Raise the Flag programme had wider
impacts that improved sepsis care beyond 2019.
The strength of our study is the description
of, and adjustment for, confounding factors.
This enabled comparison between groups that
were not matched in important variables and
allowed us to investigate the factors that influence
delivery of the bundle to target ongoing interven-
tions. For example, the Red Flag Sepsis Screening
Tool was updated in 2022 to include Maori ethnicity
as an “amber flag” to highlight excess risk in this
group. The major limitation of our study is the
before and after design. Data for Group 3 were
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collected during the COVID-19 pandemic and
may have been particularly affected by residual
confounding. Whether the lower rates of haemody-
namic instability in the 2021 cohort is a sampling
phenomenon or a real effect is not clear. During
this period, New Zealand had restrictions on large
gatherings and encouraged the use of masks in
public. Widespread community transmission of
COVID-19 didn’t occur until early 2022. COVID-19
containment measures have been shown to reduce
blood stream infections with organisms transmitted
by droplet spread, such as Streptococcus pyogenes,
overseas.*!® Surveillance data show that the rates
of both invasive pneumococcal disease and
invasive Group A Streptococcal disease were lower
in 2020 and 2021 in New Zealand compared to
previous years.!*'? It is possible that both
behavioural change and a change in the micro-
biologyofsepsishadanimpactonthepresentationof
sepsis, and more research is required in this area.

The results of this study are consistent with
the results of similar programmes in New South
Wales and world-wide, which show improvement
in the delivery of sepsis care after their imple-
mentation.>!%* Fifty-six percent of our patients
received the sepsis bundle in 3 hours, which
compares well with the literature referenced.'>-*
The most successful sepsis quality improvement
projects combine process change and educational
activities, dedicated sepsis teams and supportive
environmental contexts and resources.'>” The
reduction in bundle delivery in Group 3 coin-
cides with the end of direct feedback to clinical
teams and suggests that feedback and education
must be sustained over time to embed the change
in routine practice.

The 9-year younger mean age of patients of
Maori or Pasifika ethnicity compared to the study
population average is consistent with existing
evidence that sepsis is both a result and a
potentiator of health inequity in New Zealand.
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We did not find that ethnicity was associated with
sepsis bundle delivery; however, the crude and
adjusted ORs were below 1, and this sample size
would not detect a small difference in bundle
delivery. It would be naive to think that sepsis
interventions are unaffected by the various forms
of bias and systemic racism resulting in variation
in practice described in other conditions, and this
will continue to be monitored at our institution.'s*

We have shown that age is associated with
reduced odds of receiving the sepsis resuscitation
bundle (aOR for every 10-year increase in age 0.83,
95% CI 0.73-0.95, p=0.005). In a previous report,
we have shown that the NZSI identifies more
neurologic and renal organ failure with age, and
less respiratory failure.? Normothermia and hypo-
thermia are more common with age. This may
translate to differences in the clinical cues used to
prompt action. However, this study made use of red
flags that should have triggered action regardless of
age. Delay of over 3 hours in the administration of
antimicrobials in sepsis is associated with increased
risk of death in observational studies, is incon-
sistent with best practice guidelines and would not
be considered appropriate for treatment-eligible
adults.?>?? Given the higher mortality in older
patients, there may be more to gain in this group
from prompt antimicrobial and haemodynamic
management.

In conclusion, a system-wide sepsis
programme at our hospital produced changes in
early sepsis management and revealed evidence
of differential care based on age. Embedding and
sustaining change in a complex system requires
ongoing education and support, as well as optimi-
sation of environmental contexts and resources
to enable best practice. We regard an appropriate
increase in ICU utilisation as an ongoing success
and continue to investigate whether the wider
impacts of the programme included effects on
mortality and hospital length of stay.

New Zealand Medical Journal
Te ara tika o te hauora hapori

2023 Dec 15;136(1587).1SSN 1175-8716
https://journal.nzma.org.nz/  ©PMA



ARTICLE

COMPETING INTERESTS
Dr Paul Huggan is a founding member of the New
Zealand Sepsis Trust.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the work of the
Waikato Hospital Quality and Patient Safety Department,
the Sepsis Working Group and many clinicians who
contributed to the design and delivery of the Raise the
Flag programme, as well as the United Kingdom Sepsis
Trust for sharing the sepsis recognition and action

tool. The authors specifically thank Dr Ron Daniels for
enthusiastic collaboration and advice on programme
implementation and audit. We acknowledge Ros Morell
and Tracey Kunac for help with data collection.

AUTHOR INFORMATION

Dr Katherine M Walland: Senior Medical Officer,
Department of Infectious Disease and General
Medicine, Te Whatu Ora Waikato, New Zealand.

Camilla Howard: Clinical Nurse Specialist for Sepsis,
Department Infection Control, Te Whatu Ora Waikato,
New Zealand.

Odette Paul: Clinical Resource Nurse, Department of
Critical Care Nursing, Te Whatu Ora Waikato, New
Zealand.

Dr Paul J Huggan: Senior Medical Officer, Departments
of Infectious Disease and General Medicine, Te Whatu
Ora Waikato, New Zealand.

CORRESPONDING AUTHOR

Dr Katherine M Walland: Senior Medical Officer,
Department of Infectious Disease and General
Medicine, Te Whatu Ora Waikato, New Zealand. Ph:
0212675706; E: Katie.walland@waikatodhb.health.nz

REFERENCES

1. Rudd KE, Johnson SC, Agesa KM, et al. Global,
regional, and national sepsis incidence and
mortality, 1990-2017: analysis for the Global Burden
of Disease Study. Lancet. 2020;395(10219):200-211.
doi: 10.1016/S0140-6736(19)32989-7.

2. Huggan PJ, Bell A, Waetford J, et al. Evidence of
High Mortality and Increasing Burden of Sepsis in
a Regional Sample of the New Zealand Population.
Open Forum Infect Dis. 2017 24;4(3):0fx106. doi:
10.1093/ofid/ofx106.

3. Burrell AR, McLaws ML, Fullick M, et al. SEPSIS
KILLS: early intervention saves lives. Med J Aust.
2016;204(2):73. doi: 10.5694/mjal5.00657.

4. Daniels R, Nutbeam T, McNamara G, Galvin C. The
sepsis six and the severe sepsis resuscitation bundle:
a prospective observational cohort study. Emerg Med
J.2011;28(6):507-12. doi: 10.1136/em].2010.095067.

10.

11.

12.

13.

14.

83

National Institute for Health and Care Excellence.
Sepsis: recognition, diagnosis and early management
[Internet]. 2017 [cited 2023 Nov]. Available from:
https://www.nice.org.uk/guidance/ng51.

Huggan PJ, Helms TA, Gibbons V, et al. Counting the
cost of major infection and sepsis in New Zealand:
an exploratory study using the National Minimum
Data Set. N Z Med J. 2021;134(1528):10-25.

Singer M, Deutschman CS, Seymour CW, et al. The
Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-
810. doi: 10.1001/jama.2016.0287.

Quan H, Li B, Couris CM, et al. Updating and
validating the Charlson comorbidity index and
score for risk adjustment in hospital discharge
abstracts using data from 6 countries. Am J
Epidemiol. 2011;173(6):676-682. doi: 10.1093/aje/
kwq433.

Amarsy R, Fournier S, Trystram D, et al. Decrease

of hospital- and community-acquired bloodstream
infections due to Streptococcus pneumoniae and
Streptococcus pyogenes during the first year of the
COVID-19 pandemic: A time-series analysis in Paris
region. Am J Infect Control. 2023;51(4):475-477. doi:
10.1016/j.ajic.2022.09.002.

Brueggemann AB, Jansen van Rensburg MJ, Shaw
D, et al. Changes in the incidence of invasive disease
due to Streptococcus pneumoniae, Haemophilus
influenzae, and Neisseria meningitidis during the
COVID-19 pandemic in 26 countries and territories
in the Invasive Respiratory Infection Surveillance
Initiative: a prospective analysis of surveillance
data. Lancet Digit Health. 2021;3(6):e360-e370. doi:
10.1016/S2589-7500(21)00077-7. Erratum in: Lancet
Digit Health.

Institute of Environmental Science and Research
Ltd (ESR). Invasive Group A Streptococcal infection
[Internet]. [cited 2023 Oct]. Available from:
https://www.esr.cri.nz/our-research/nga-kete/
infectious-disease-intelligence/group-a-strep/.
Institute of Environmental Science and Research
Ltd (ESR). Invasive Pneumococcal Disease

(IPD) [Internet]. [cited 2023 Oct]. Available

from: https://www.esr.cri.nz/our-research/
nga-kete/infectious-disease-intelligence/
invasive-pneumococcal-disease-ipd/.

Damiani E, Donati A, Serafini G, et al. Effect

of performance improvement programs

on compliance with sepsis bundles and

mortality: a systematic review and meta-

analysis of observational studies. PLoS One.
2015;10(5):€0125827. doi: 10.1371/journal.
pone.0125827.

Burke J, Wood S, Hermon A, Szakmany T. Improving

New Zealand Medical Journal
Te ara tika o te hauora hapori

2023 Dec 15;136(1587).1SSN 1175-8716
https://journal.nzma.org.nz/  ©PMA



ARTICLE

15.

16.

17.

18.

outcome of sepsis on the ward: introducing the
‘Sepsis Six’ bundle. Nurs Crit Care. 2019;24(1):33-39.

doi: 10.1111/nicc.12358. 19.

UK National Surgical Research Collaborative.
Multicentre observational study of adherence

to Sepsis Six guidelines in emergency general
surgery [published correction appears in Br J Surg.
2017;104(2): :e165-e171. doi: 10.1002/bjs.10432.
Erratum in: Br J Surg. 2017 Jun;104(7):947. Erratum
in: Br J Surg. 2018 May;105(6):761.

Berg GM, Vasquez DG, Hale LS, et al. Evaluation 20.

of process variations in noncompliance in the
implementation of evidence-based sepsis
care. J Healthc Qual. 2013;35(1):60-9. doi:
10.1111/j.1945-1474.2011.00168.x.

Steinmo SH, Michie S, Fuller C, et al. Bridging the 21.

gap between pragmatic intervention design and
theory: using behavioural science tools to modify
an existing quality improvement programme

to implement “Sepsis Six”. Implement Sci. 22.

2016;11(1):14. d0i:10.1186/s13012-016-0376-8.
Thompson SG, Barber PA, Gommans JH, et al.
The impact of ethnicity on stroke care access and
patient outcomes: a New Zealand nationwide

84

observational study. Lancet Reg Health West Pac.
2022;20:100358. doi: 10.1016/j.lanwpc.2021.

Te Taht Hauora - Health Quality & Safety
Commission. A window on the quality of Aotearoa
New Zealand’s health care 2019 - a view on

Maori health equity [Internet]. 2023 [cited 2023
Nov]. Available from: https://www.hgsc.govt.nz/
resources/resource-library/a-window-on-the-
quality-of-aotearoa-new-zealands-health-care-
2019-a-view-on-maori-health-equity-2/.

Evans L, Rhodes A, Alhazzani W, et al. Surviving
sepsis campaign: international guidelines for
management of sepsis and septic shock 2021.
Intensive Care Med. 2021;47(11):1181-1247. doi:
10.1007/s00134-021-06506-y.

Inouye SK. Creating an anti-ageist healthcare
system to improve care for our current and future
selves. Nat Aging. 2021;1(2):150-152. doi: 10.1038/
s43587-020-00004-4.

Seymour CW, Gesten F, Prescott HC, et al.

Time to Treatment and Mortality during
Mandated Emergency Care for Sepsis. N Engl

J Med. 2017;376(23):2235-2244. doi: 10.1056/
NEJMoal703058.

New Zealand Medical Journal
Te ara tika o te hauora hapori

2023 Dec 15;136(1587).1SSN 1175-8716
https://journal.nzma.org.nz/  ©PMA



