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OBJECTIVES: Sepsis is a life-threatening medical emergency. There is a paucity 
of information on whether quality improvement approaches reduce the in-hospital 
sepsis caseload or save lives and decrease the healthcare system and society’s 
cost at the provincial/national levels. This study aimed to assess the outcomes 
and economic impact of a province-wide quality improvement initiative in Canada.

DESIGN: Retrospective population-based study with interrupted time series and 
return on investment analyses.

SETTING: The sepsis cases and deaths averted over time for British Columbia 
were calculated and compared with the rest of Canada (excluding Quebec and 
three territories).

PATIENTS: Aggregate data were obtained from the Canadian Institute for Health 
Information on risk-adjusted in-hospital sepsis rates and sepsis mortality in acute 
care sites across Canada.

INTERVENTIONS: In 2012, the British Columbia Sepsis Network was formed 
to reduce sepsis occurrence and mortality through education, knowledge transla-
tion, and quality improvement.

MEASUREMENTS AND MAIN RESULTS: A return on investment analysis 
compared the financial investment for the British Columbia Sepsis Network with 
the savings from averted sepsis occurrence and mortality. An estimated 981 
sepsis cases and 172 deaths were averted in the post-British Columbia Sepsis 
Network period (2014–2018). The total cost, including the development and im-
plementation of British Columbia Sepsis Network, was $449,962. Net savings 
due to cases averted after program costs were considered were $50.6 million in 
2018. This translates into a return of $112.5 for every dollar invested.

CONCLUSIONS: British Columbia Sepsis Network appears to have averted a 
greater number of sepsis cases and deaths in British Columbia than the national 
average and yielded a positive return on investment. Our findings strengthen the 
policy argument for targeted quality improvement initiatives for sepsis care and 
provide a model of care for other provinces in Canada and elsewhere globally.

KEY WORDS: critical illness; economic impact; quality improvement; return on 
investment; sepsis

Sepsis is defined as life-threatening organ dysfunction caused by a dys-
regulated host response to infection (1, 2). In 2017, 48.9 million new 
cases of sepsis and 11 million sepsis deaths were estimated, representing 

19.7% of all global deaths (3). A disproportionate burden exists where ineq-
uity in access and quality of care exists, and Canada is no exception. There 
is scant information on the burden of sepsis in Canada, and recognition of 
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the importance of sepsis led to sepsis being a focus of 
the Canadian Medical Association Journal in 2017 (4). 
Apart from sepsis deaths, about 40% of sepsis survivors 
may be readmitted to hospital (5–7), as well as higher 
odds of disabilities among sepsis survivors (8–10).  
Additionally, sepsis is more common in the elderly, 
and it is likely to increase substantially as the popu-
lation ages (11, 12). Furthermore, the burden in acute 
care facilities, as well as long-term convalescent care 
due to sepsis, will be increased markedly due to severe 
coronavirus disease 2019. Postsepsis syndrome creates 
high stress and care needs that consume valuable re-
sources from many, including patients (8, 10), families 
(13) and society (14).

Sepsis is often challenging to diagnose, yet early 
identification and rapid administration of key sup-
portive measures are needed to ensure the best out-
comes (15). Thus, the implementation of sepsis 
screening tools and sepsis protocols is paramount to 
rapid identification and treatment (16). These goals 
may be best achieved by a provincial quality improve-
ment (QI) initiative, which maximizes efficiency and 
the program’s effectiveness. To facilitate the implemen-
tation of sepsis tools provincially and support know-
ledge translation, the British Columbia Patient Safety 
& Quality Council (BCPSQC) formed the British 
Columbia Sepsis Network (BCSN) in June 2012. Its 
mandate is to support the early identification and rapid 
treatment of new infections, prevent the development 
of sepsis, and treat sepsis and septic shock; this is done 
through a model of distributed leadership to share re-
sources, improve care, disseminate innovation, and 
collaborate for knowledge translation (17). As of 2020, 
the Network has grown to over 36 hospitals, including 
300 members. It has diverse representation, including 
patient partners, allied healthcare frontline staff, phy-
sicians from various medical specialties, QI experts, 
and hospital administrators. The genesis and structure 
of the BCSN are outlined in Supplementary Figure 
S1 (http://links.lww.com/CCM/G873), which sum-
marizes the programs and activities of the largest and 
most active interconnected sepsis community within 
Canada dedicated to improved diagnosis and manage-
ment of early severe infections, including sepsis and 
septic shock. As the mandate is to aggressively iden-
tify and treat significant infections in the emergency 
department (ED) and hospital wards, we propose 
that the program reduced the occurrence of patients 

progressing to develop in-hospital sepsis and reduce 
the mortality of those in whom sepsis develops. In the 
policy context, health system planners and decision-
makers need evidence surrounding clinical effective-
ness, costs, and benefits of QI interventions to allocate 
scarce resources for scale-up and sustainability. This 
study aimed to assess the clinical and economic impact 
of the BCSN in terms of cost savings from reducing the 
in-hospital sepsis occurrence and mortality across BC.

MATERIALS AND METHODS

This study used a retrospective population-based de-
sign. We determined the clinical and economic impact 
of the BCSN using the disease-specific occurrence of 
sepsis and sepsis case-fatality rates from a baseline of 
2011–2013; this included a 1-year period prior to the 
formation of the network as well as the initial 2 years 
of the network. We calculated case reduction, mor-
tality, and the return on investment (ROI) up to and 
including 2018.

The BCSN

The BCSN was based upon a model of inclusive mem-
bership, reflecting the full team involved in improving 
sepsis care, including administrative, clinical, and QI 
leaders. Overall, the Network formation and imple-
mentation occurred in three overlapping phases: 1) 
the development of resources, 2) identification of local 
champions, and 3) institutional capacity enhancement 
through engagement and access to shared resources. 
In the initial formation of the Network, there were 
in-person meetings to develop resources and create 
a shared purpose for the Network itself. There were a 
number of campaigns that were run in the initial stages 
of the BCSN. The intent of the campaigns was to raise 
awareness of the new guidelines, to engage staff in clin-
ical practice change, and to provide opportunities for 
shared learning. During this period of time, the dis-
tributed leadership model allowed for interhospital 
communication and sharing to promote QI. Following 
this, the focus shifted to online connections through ed-
ucational webinars on a monthly basis. The role of the 
Network was to support the self-identified personnel 
(i.e., physicians, nurses, pharmacists, QI leaders, and 
administrative staff) to lead change at their local site, 
rather than the Network trying to be the one reach-
ing into each site themselves. However, the clinical 
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lead would commonly reach out to individual sites to 
discuss and support their local QI. The care providers 
conducted team huddles, clinical rounds, case presen-
tations, and site-specific monitoring and evaluation at 
the hospital level. All participants were provided evi-
dence-based resources, including clinical guidelines, 
flow sheets, sample protocols, and educational posters. 
The Network participants were further engaged through 
a number of strategies including lanyards, lanyard cards 
with sepsis guidelines, poster presentations, and a gami-
fied campaign to engage other staff in practice change. 
In a 2016 study that assessed the distributed leader-
ship and interconnectivity of the BCSN, members of 
the network identified high levels of trust, indicating a 
positive working environment and effective leadership 
within the BCSN. Furthermore, survey respondents 
attributed network success to a clear understanding of 
shared goals, collective decision-making, informal rela-
tionships bridging different areas of the network, shar-
ing resources, free-flowing exchange of information and 
ideas, opportunities to meet and form relationships, and 
diversity in stakeholder groups (18). The success of the 
gamification campaign is attributable to the culture cre-
ated within the network. The gamification campaign 
included participants from 31 EDs across BC, with the 
overall goal of avoiding mortality for, or “saving,” 150 
lives by treating 750 sepsis patients (number-needed-
to-treat = 5) through evidence-based protocolized care 
(19). The gamification campaign implemented practice 
change in participating facilities through: 1) app-based 
data collection on sepsis patient information and clin-
ical course; 2) distribution of resources and learning 
modules to encourage participation in the campaign 
and inform on evidence-based, protocolized sepsis care; 
and 3) game design that incentivized participation in 
the campaign. By the end of the campaign, the BCSN 
had grown by 52%, and 756 evidence-informed sepsis 
protocols were used for patients with severe infections 
in the ED, translating to 151 “lives saved” (19). More 
details regarding the BCSN initiative and activities are 
illustrated in Supplementary Figure S1 (http://links.lww.
com/CCM/G873).

Setting and Population

This study used retrospective data for all in-hospital 
sepsis cases and sepsis mortality in nine Canadian 
provinces, including Alberta, British Columbia 
(BC), Manitoba, New Brunswick, Newfoundland, 

Nova Scotia, Ontario, Prince Edward Island, and 
Saskatchewan. Data from Quebec and three territories 
were not available. The study population included all 
adults 18+ years old with a diagnosis of sepsis iden-
tified after hospital admission. By comparing the 
number of patients with diagnosed in-hospital sepsis, 
this study focuses on how our clinical interventions 
aim to prevent deterioration of infection to sepsis 
or septic shock. In-hospital sepsis was defined using 
the following codes from the International Statistical 
Classification of Diseases and Related Health Problems, 
the Canadian version of the 10th revision: A40, A41, 
B37.7, R65.1, R57.2 as type-2, sepsis as a postprocedural 
complication, and sepsis in obstetric patients (20, 21).  
The data points for annual in-hospital sepsis cases, 
deaths, and hospital discharges for BC and a sum of 
Canadian provinces, excluding Quebec and three ter-
ritories for the period starting from 2011 to 2018, are 
provided in Supplementary Table S1 (http://links.
lww.com/CCM/G874).

Data Sources

Epidemiologic data were obtained from the Canadian 
Institute for Health Information (CIHI) based on infor-
mation from the hospital Discharge Abstract Database. 
The annual background mortality rates for BC and 
Canada were extracted from Statistics Canada (22).  
The BCSN operational costs were obtained from 
BCPSQC’s financial reports, which included costs of 
staff compensation/benefits, training, educational ma-
terial, and travel. The average cost of sepsis hospitaliza-
tion was extracted from CIHI’s Patient Cost Estimator 
that combines direct and indirect costs for a typical 
hospital stay (23). The average cost of posthospital dis-
charge follow-up care (i.e., readmissions, ambulatory 
care visits, and physician claims) for three subsequent 
years was extracted from a previously conducted longi-
tudinal study of sepsis survivors in Alberta, Canada (24).  
The average cost of in-hospital death and burial costs 
to the family were identified from the gray literature in 
the Canadian context (25, 26).

Epidemiologic Data and Cases Averted

The interrupted time series (ITS) analysis was per-
formed in two steps. First, sequential plots were cre-
ated to compare pre-and-post-BCSN in-hospital sepsis 
occurrence and hospital standard sepsis mortality 
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between BC and the Canadian average excluding BC. 
Second, we ran four autoregressive integrated mov-
ing average models to test the causal effect of BCSN on 
changes in in-hospital sepsis rates and hospital standard 
sepsis mortality. Specifically, we modeled time (i.e., yr), 
QI initiative (i.e., pre BCSN = 0 and post BCSN = 1)  
and the interaction term between time and QI initiative. 
The ITS analyses were conducted in IBM SPSS Statistics 
Version 27.0 (Armonk, NY). We justify the inclusion 
of the first 2 years of BCSN implementation within the 
baseline period (i.e., 2011–2013) based on historical data 
that large-scale sepsis QI initiatives tend to experience a 
significant change in outcome measures approximately 2 
years following implementation. These outcome meas-
ures include hospital cost-saving, hospital site compli-
ance to multicenter initiatives, and mortality related to 
sepsis (27–29). Additionally, we applied a disease mod-
eling-based approach to calculate the number of in-hos-
pital sepsis cases averted. The concept of modeling cases 
averted in a disease modeling-based approach involves a 
comparison between an “expected” or baseline epidemic 
with an “estimated” one (30). We used the average base-
line occurrence (i.e., 2011–2013) as a reference point for 
future comparisons. The difference in the number of 
new in-hospital sepsis cases implied by the occurrence 
rate was taken as the number of cases averted.

Costs Data and ROI Calculations

This study used a broad perspective incorporating inpa-
tient admission costs for the average hospital length of 
stay, the average follow-up costs of sepsis survivors, the 
average cost of death in the hospital, the average out-of-
pocket cost of burial-related expenses for the family, and 
BCSN implementation costs. Table 1 represents various 
model inputs and sources of information. The base case 
values were drawn from CIHI, which already factored 
other hospitalization costs for a case mix group. In the 
ROI analysis, we modeled an incremental cost (i.e., hos-
pitalization expenses resulting from in-hospital sepsis 
minus the cost of standard hospital stay). For example, 
the average cost of a standard hospital stay in BC is 
CAD$6,103 for a patient without the diagnosis of sepsis. 
At the same time, the cost of managing a case of sepsis in 
BC hospitals is CAD$23,229. So, we assumed that a pa-
tient hospitalized for pneumonia or urinary tract infec-
tion, receiving good fluid resuscitation, receiving early 
antibiotics, and preventing the development of sepsis will 
have avoided an incremental cost of CAD$17,126 (i.e., 

$23,229–$6,103). The number of estimated sepsis cases 
averted were multiplied by an average inpatient hospital-
ization cost per sepsis to calculate savings from averted 
sepsis cases. Similarly, the number of estimated sepsis 
deaths averted were multiplied by an average burial cost 
per death to calculate savings from averted deaths. The 
annual net savings were calculated as the difference in 
the total savings from averted in-hospital sepsis cases and 
deaths minus the total BCSN investment. All costs were 
adjusted using the Canadian Consumer Price Index for 
Health and are reported in Canadian dollars as of 2020. 
An annual discount rate of 1.5% was applied to both sav-
ings and investment (31). One-way sensitivity analysis 
was applied to address potential uncertainties by vary-
ing the costs and occurrence variables. The ROI analyses 
were conducted using Microsoft Excel for Mac Version 
16.37 (Microsoft, Redmond, WA).

Human Ethics

This study was undertaken as part of a QI initiative, 
and as such, Institutional Review Board or local ethics 
committee approval was not applicable.

RESULTS

Since the launch of BCSN, there has been a substantial 
reduction in in-hospital sepsis cases and sepsis mor-
tality in the province of BC. Figure 1 represents the 
occurrence of in-hospital sepsis and hospital standard 
mortality observed in BC and the Canadian average, 
excluding BC, Quebec, and three territories from 2011 
to 2018. In the first 3 years (2011–2013), the average 
occurrence rate of in-hospital sepsis was relatively 
higher in BC (4.5 per 1,000 discharges) compared with 
the Canadian average, excluding BC (4.1 per 1,000 dis-
charges). In 2018, the in-hospital sepsis cases notably 
decreased by 24.7% in BC compared with an average 
of 2.2% reduction in the rest of Canada, excluding BC, 
Quebec, and three territories. The annual in-hospital 
sepsis mortality rates have consistently remained lower 
throughout the study period in BC compared with the 
Canadian averages.

Our hypothesis that the rate of change in in-hos-
pital sepsis occurrence, as well as hospital standard 
sepsis mortality, would vary over time was supported. 
Specifically, BC’s mortality estimate was lower (i.e., 
0.189) than the rest of the Canadian average, excluding 
BC, where it was 0.235. These findings were statistically 
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TABLE 1. 
Model Input Variables

Variable Base Value References

Baseline period, 2011–2013

 Average occurrence rate of in-hospital sepsis  Calculated, Canadian Institute for Health 
Information (20, 21)

  BC 0.0045  

  Canada excluding BC 0.0041  

 Average in-hospital sepsis mortality rate   

  BC 0.1752  

  Canada excluding BC 0.2237  

Endline period, 2018

 Occurrence rate of in-hospital sepsis  Calculated, Canadian Institute for Health 
Information (20, 21)

  BC 0.0034  

  Canada excluding BC 0.0040  

 In-hospital sepsis mortality rate   

  BC 0.1705  

  Canada excluding BC 0.2032  

 Average background mortality rate  Statistics Canada (22)

  BC 0.0075  

  Canada excluding BC 0.0074  

Average costs, in Canadian dollar

 Hospitalization, per case  Calculated, Patient Cost Estimator, Canadian 
Institute for Health Information (23)

  BC 17,126  

  Canada excluding BC 18,069  

 Follow-up care, per case  Lee et al (24)

  Year 1 20,855  

  Year 2 7,139  

  Year 3 7,091  

 Death in the hospital, per death 12,000 Priest (25)

 Burial expenses for family, per death 8,000 Lee (26)

 BC Sepsis Network initiative, per annum 71,341 British Columba Patient Safety and Quality 
Council Financials (17)

 Annual discount rate, % 1.5 Canadian Agency for Drugs and Technology in 
Healthcare (31)

BC = British Columbia.

significant (p < 0.0001). However, the interaction be-
tween time and BCSN on occurrence and mortality 
indicated declining trends but were not statistically 
significant (p > 0.05). Considering that we have fewer 
observations, we found wider CIs for the predicted 
values in the model (Table 2).

In the base case analysis, a total of 981 in-hospital 
sepsis cases were averted in BC compared with the 
Canadian average of 611 cases averted throughout the 
study period. In that same time period, a larger number 
of deaths were averted in BC (172 in BC vs 127 in the 
rest of the Canadian average). In 2017, approximately 
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331 in-hospital sepsis cases and 58 deaths were averted 
in BC compared with the rest of the Canadian average 
of 30 cases and seven deaths averted (Supplementary 
Fig. S2, http://links.lww.com/CCM/G875: In-hospital 
sepsis cases and deaths averted). The financial analysis 
shows that BCPSQC invested a cumulative $449,962 
in the BCSN, targeting efforts to improve sepsis care 
in the province from 2012 to 2018. Of this total, nearly 

70% of funds ($314,973) were used for clinical lead-
ership and 25% ($112,490) on staffing. The Canadian 
average, excluding BC, indicates a gradual increase 
in societal cost avoidance, and it was approximately 
$31.4 million in 2018. Although BC did not yield cost 
avoidance until 2012/2013, there was an exponential 
increase in societal cost avoidance from 2014/2015 
onwards, reaching almost $51 million in 2018.

Figure 1. Annual in-hospital sepsis occurrence and hospital standard sepsis mortality. A, Annual in-hospital sepsis occurrence from 
2011 to 2018. B, Annual in-hospital sepsis mortality rate from 2011 to 2018. BC = British Columbia, BCSN = BC Sepsis Network.

http://links.lww.com/CCM/G875
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Table 3 shows the cumulative ROI per year by types 
of cost savings from averted cases of in-hospital sepsis 
and deaths. In the post-BCSN period (2014–2018), a 
lower occurrence of in-hospital sepsis and mortality 
translated into a societal savings of $50.6 million (i.e., 
~$49,000 per case averted, and ~$18,000 per death 
averted). This represents a return of $112.5 for every 
dollar invested in BCSN. A vast majority of savings are 
related to the follow-up care ($31 million; 61%) and 
acute management of in-hospital sepsis cases ($17 
million; 33%). Subtracting the Canadian average from 
the total in-hospital sepsis cases averted in BC, there 
were 370 cases averted (i.e., 981 – 611), indicating a 
61% case reduction potentially attributable to BCSN. 
Similarly, approximately 45 sepsis deaths (i.e., 172 
– 127) were potentially averted from BCSN. Under 
these assumptions, the cumulative savings decreased 
to $18.9 million, generating a return of $42 for every 
dollar invested in BCSN. The one-way sensitivity 

analysis revealed that in-hospital sepsis’s annual occur-
rence introduces the highest level of uncertainty in the 
ROI findings. For example, when the occurrence rate 
was hypothetically increased by 10%, the benefit-to-
cost ratio declined to $56 for every dollar invested in 
BCSN. Furthermore, the yearly cost of follow-up visits 
and in-hospital sepsis management cost had a smaller 
influence on ROI results (Fig. 2).

DISCUSSION

This study demonstrated a significant reduction in the 
occurrence of in-hospital sepsis and sepsis deaths in 
the post-BCSN period compared with the baseline. 
The financial spending in BCSN yielded a substan-
tial clinical benefit for patients and their families and 
a monetary ROI for the health system. These findings 
illustrate the efficiency of a province-wide QI initiative 
that aimed to educate a large number of health workers 

TABLE 2. 
Autoregressive Integrated Moving Average Variables, In-Hospital Sepsis, and Hospital 
Standard Sepsis Mortality 2011–2018

Variable Estimate se t Statistics Significance

Model 1: in-hospital sepsis in BC

 In-hospital sepsis (rate) 0.004 0.000 17.855 0.000

 Time (yr) 5.000E-6 0.000 0.043 0.968

 Pre-and-post 3.667E-5 0.000 0.160 0.880

 Time interaction pre-and-post 0.000 0.000 –2.073 0.107

Model 2: hospital standard sepsis mortality in BC

 Hospital standard sepsis mortality 0.189 0.010 18.411 0.000

 Time (yr) –0.007 0.005 –1.418 0.229

 Pre-and-post 0.010 0.009 1.030 0.361

 Time interaction pre-and-post 0.006 0.005 1.186 0.301

Model 3: in-hospital sepsis in Canadaa

 In-hospital sepsis (rate) 0.004 8.750E-5 49.182 0.000

 Time (yr) 0.000 4.050E-5 –2.638 0.058

 Pre-and-post 4.912E-5 7.964E-5 0.617 0.571

 Time interaction pre-and-post 0.000 4.437E-5 2.319 0.081

Model 4: hospital standard sepsis mortality in Canadaa

 Hospital standard sepsis mortality (rate) 0.235 0.009 26.439 0.000

 Time (yr) –0.006 0.004 –1.352 0.248

 Pre-and-post 0.003 0.008 0.395 0.713

 Time interaction pre-and-post 0.002 0.005 0.497 0.645

a Excluding British Columbia, Quebec, and three territories.
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on early identification and appropriate management of 
significant infections and sepsis in BC.

Although the BCSN and its successes are unique 
across Canada, some similar programs exist globally. 
Of studies that have been published, we found a similar 
QI initiative in terms of the approach but on a small 
scale (i.e., limited to one tertiary hospital setting) in 
Germany since January 2008. This program uses quar-
terly training, conferences for ICU and emergency 
health workers, lecturers, and educational tools similar 
to strategies used by the BCSN in an effort to address 
the impact of sepsis (32). In 2017, the researchers 

reported significant: 1) reductions in 90-day severe 
sepsis and septic shock mortality (19.8% reduction;  
p < 0.001), 2) reductions in hospital length of stay 
(8 d reduction; p < 0.05), and 3) increases in antibi-
otic therapy initiation within the first hour of sepsis 
onset (25.8% increase; p < 0.001). Another popular QI 
strategy is the implementation and maintenance of care 
management “bundles” originally developed by the 
Institute of Health improvement (IHI) and Surviving 
Sepsis Campaign Guidelines (33). When measuring 
adherence to these bundles, a large number of QI sepsis 
initiatives across Latin America and the United States 

TABLE 3. 
British Columbia Sepsis Network Return on Investment for the Financial Year 2011–2018

Variables 2014 2015 2016 2017 2018

Types of costs avoided

 Health system: in-hospital cases $958,578 $2,231,049 $5,439,221 $11,502,445 $16,983,992

 Health system: follow-up care $2,216,841 $4,927,836 $11,100,510 $21,553,472 $31,003,624

 Health system: deaths $128,607 $294,808 $685,307 $1,307,856 $1,854,941

 Out-of-pocket for families: deaths $85,738 $196,539 $456,871 $871,904 $1,236,627

 Societal (all inclusive) $3,389,764 $7,650,232 $17,681,909 $35,235,677 $51,079,184

Cumulative investment

 BCSN program costs $243,144 $308,507 $376,880 $412,826 $449,962

Return on investment

 Societal savings, minus BCSN investment $3,146,620 $7,341,725 $17,305,029 $34,822,851 $50,629,222

 Benefit-cost ratio (societal savings/BCSN 
investment)

$12.9 $23.8 $45.9 $84.4 $112.5

BCSN = British Columbia Sepsis Network.

Figure 2. One-way sensitivity analysis, return on investment.
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illustrated that improved compliance to these bundles 
is associated with improvements in mortality, cost of 
care, length of stay, and patient’s quality of life related 
to sepsis (34, 35). These QI initiatives are limited to 
selected hospital settings. Therefore, the magnitude of 
impact can vary due to external factors such as the hos-
pital’s size, funding model, and ease of implementation. 
We strongly advocate that having an organization with 
a provincial mandate like the BCPSQC is much more 
efficient to drive change at scale than targeting one hos-
pital at a time. These findings illustrate the need for fur-
ther action and investment in QI and sepsis educational 
programs across Canada and internationally.

Despite the existence of other sepsis initiatives across 
Canada, the BCSN is the first of its kind. Examples of 
other initiatives in Canada include the following: 1) the 
Alberta Sepsis Network (36), 2) the Manitoba-based 
Translating Emergency Knowledge for Kids (37), and 3)  
“Sepsis Intervention” by Canadian Patient Safety 
Institute (38). Guided by our field observations and in-
formal communications with the subject experts, we 
found that many of these QI programs in other prov-
inces have been inactive for years, and none used QI 
strategies, learning networks, or otherwise, to address 
sepsis. The BCSN builds off the network model applied 
by the IHI throughout North America, as well as other 
provincial clinical QI initiatives supported by the 
BCPSQC, such as the Type 2 Diabetes Network and 
the Surgical Quality Action Network (SQAN) (39, 40). 
By implementing this model of distributed province-
wide leadership, the BCSN improved patient outcomes 
and reduced costs related to sepsis and ensured sus-
tainability and ongoing engagement.

Although the observational findings illustrate an 
association between the existence of the BCSN and 
improved sepsis mortality and economic burden over 
time, no causal relationship can be determined. We 
recognize that other provincial QI programs, also sup-
ported by BCPSQC, may have indirectly influenced the 
reduction of in-hospital sepsis cases. These include cath-
eter-associated urinary tract infections (CAUTIs) (41),  
National Surgical QI Program (NSQIP) (42), SQAN (40),  
and various ventilation-associated pneumonia (VAP) 
reduction projects (43). However, although the global 
reduction in sepsis mortality over time is well recog-
nized (44), this factor cannot fully explain our findings. 
Indeed, our decrease in cases has been steeper, and nearly 
all provinces have instituted programs similar to or 

participated in NSQIP, VAP, SQAN, and CAUTI initia-
tives. As such, although the reduction in sepsis mortality 
and associated costs may have been multifactorial, there 
were no novel advancements in the field of sepsis care to 
influence these outcome measures during this time pe-
riod. Importantly, however, there was a significant im-
provement in lactate measurement by time goal and in 
sepsis-related mortality during the BCSN and BCPSQC-
led 150 Lives Campaign at participating facilities (18). 
This illustrates the direct improvement in sepsis-related 
care as a result of a BCSN initiative. In a study conducted 
by Seymour et al (45), investigators initiated a sepsis pro-
tocol within 6 hours after the patient presented in the ED, 
as well as implemented a bundle of care (inclusive of test-
ing blood culture, use of broad-spectrum antibiotics, and 
lactate measurement) within 12 hours. This study high-
lighted that delays in the initiation of sepsis protocol and 
bundle approach result in higher risk-adjusted hospital 
mortality (odds ratio, 1.04 per hour; 95% CI, 1.02–1.05; 
p < 0.001). However, the mortality estimates in that study 
were primarily drawn from patients diagnosed with se-
vere sepsis and septic shock. Although this study’s find-
ings strengthen our argument for early identification and 
treatment of in-hospital sepsis through QI initiatives, the 
studies are not directly comparable in that we analyzed 
secondary, aggregate-level data for all in-hospital sepsis 
and in-hospital sepsis mortality, and hence, granular 
data regarding differing severity (i.e., severe versus non-
severe) were not available. Lack of severity is an impor-
tant limitation of the secondary aggregate-level data, and 
we recommend conducting sepsis subgroup analyses 
using primary data in future economic studies.

The QI teams, including physicians, nurses, and par-
amedical staff in the participating acute care facilities in 
BC, were engaged throughout the improvement period. 
Despite the programmatic efforts to maximize the reach 
for province-wide information dissemination, there 
were operational challenges related to geographical lo-
cation (i.e., rural vs urban), hospital size (i.e., large vs 
small), and staffing levels (i.e., new hiring and turnover). 
More research is needed to qualitatively understand the 
programmatic challenges, mitigation strategies, and  
the varying level of support for participating sites across 
the province. However, because data aggregation was 
done at the province level, it was not feasible to identify 
acute care facilities (no identifiers were revealed for fa-
cility name, location, staffing levels, and bed capacity). 
We recognize the potential clustering effect, which could 
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have benefited specific sites (high performing) than oth-
ers, but it is another limitation of the provincial-level ag-
gregate analysis. Furthermore, the health authority-level 
costs for implementing clinical guidelines in respective 
hospital settings were not available. We assumed that the 
cost of healthcare personnel responsible for implement-
ing sepsis care was represented in the patient hospital-
ization cost. Finally, efforts that do not directly target 
sepsis prevention, such as regional, provincial, and na-
tional Infection Prevention and Control and antimi-
crobial stewardship programs, could indirectly reduce 
in-hospital sepsis occurrence.

CONCLUSIONS

The BCSN appears to have resulted in a significant re-
duction of in-hospital sepsis cases, sepsis mortality, and 
yielded a positive ROI. This study’s findings strengthen 
a policy argument for large-scale sepsis QI initiatives 
and provide a model of sepsis care both in the local 
and global context. Future studies should explore the 
relevance of QI strategies used by the BCSN and deter-
mine how they may be applied to reduce the burden of 
in-hospital sepsis cases and sepsis mortality.
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