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Abstract
Introduction: Poor adoption of stroke guidelines is a problem internationally. The Quality in Acute Stroke Care 
(QASC) trial demonstrated significant reduction in death and disability with facilitated implementation of nurse-initiated 
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Methods: This was a multi-country, multi-centre, pre-test/post-test study (2017–2021) comparing post implementation 
data with historically collected pre-implementation data. Hospital clinical champions, supported by the Angels Initiative 
conducted multidisciplinary workshops discussing pre-implementation medical record audit results, barriers and facilitators 
to FeSS Protocol implementation, developed action plans and provided education, with ongoing support co-ordinated 
remotely from Australia. Prospective audits were conducted 3-month after FeSS Protocol introduction. Pre-to-post 
analysis and country income classification comparisons were adjusted for clustering by hospital and country controlling 
for age/sex/stroke severity.
Results: Data from 64 hospitals in 17 countries (3464 patients pre-implementation and 3257 patients post-implementation) 
showed improvement pre-to-post implementation in measurement recording of all three FeSS components, all 
p < 0.0001: fever elements (pre: 17%, post: 51%; absolute difference 33%, 95% CI 30%, 37%); hyperglycaemia elements 
(pre: 18%, post: 52%; absolute difference 34%; 95% CI 31%, 36%); swallowing elements (pre: 39%, post: 67%; absolute 
difference 29%, 95% CI 26%, 31%) and thus in overall FeSS Protocol adherence (pre: 3.4%, post: 35%; absolute difference 
33%, 95% CI 24%, 42%). In exploratory analysis of FeSS adherence by countries’ economic status, high-income versus 
middle-income countries improved to a comparable extent.
Discussion and conclusion: Our collaboration resulted in successful rapid implementation and scale-up of FeSS 
Protocols into countries with vastly different healthcare systems.
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Introduction

Despite evidence that early intervention for stroke results in 
better patient outcomes, and European guideline recom-
mendations, evidence is not always effectively imple-
mented.1 Thrombolysis rates vary widely by country from 
<1% to 20.6%1 and only 30% of European stroke patients 
receive stroke unit care.2,3 These evidence-practice gaps are 
particularly notable in Eastern European and in Lower-
Middle Income Countries where many hospitals have lim-
ited access to hyper-acute stroke therapies.4,5

Nurses have a major role in accelerating the delivery of 
acute stroke care within hospitals including the manage-
ment of physiological variables known to influence stroke 
outcome,6 such as elevated body temperature, hyperglycae-
mia and swallowing dysfunction.6 Our landmark Australian 
trial demonstrated that patients cared for in stroke units 
where staff had received facilitated implementation of 
nurse-initiated protocols to manage Fever, hyperglycaemia 
(Sugar) and Swallowing (FeSS) had a significant 16% 
absolute reduction in death and dependency 90-day follow-
ing stroke,7 with a sustained 20% relative improvement in 
survival 4 years post stroke.8 Two independent economic 
evaluations have estimated significant savings in health-
care costs ($65 M) and societal costs ($252 M) with the use 
of FeSS protocols in stroke units.9,10 Subsequent successful 
state-wide scale-up of the FeSS Protocols demonstrated 
improvements in adherence.11

There are few rigorous international studies that have 
evaluated systematic implementation and scale-up of a 

proven stroke intervention.12–15 The series of BRIDGE 
cluster randomised trials were predicated on rigorous evi-
dence from earlier randomised controlled trials.12,13,15 
These trials used multifaceted quality improvement inter-
ventions to promote the use of evidence-based therapies 
and were evaluated using performance measures based on 
the American Heart Association/American Stroke 
Association’s ‘Get With the Guidelines’ (GWTG) quality 
improvement programme.14 The translational capacity of 
the intervention was tested through each upscale phase that 
included different medical conditions (acute coronary syn-
drome (BRIDGE-ACS, Brazil),12 acute ischaemic stroke 
(Golden-BRIDGE, China),15 transient ischaemic attack 
(BRIDGE-Stroke, Brazil, Peru, Argentina)13 and in differ-
ent countries that included both lower and middle-income 
cohorts. The significant increase in the use of evidence-
based therapies reported in the BRIDGE-ACS and Golden-
BRIDGE trials were not as impressive in the BRIDGE-Stroke 
trial possibly due to the inclusion of patients with transient 
ischaemic attacks in the latter study sample. However, scal-
ing up complex, multidisciplinary interventions can pose 
considerable challenges,16 particularly in the context of dif-
ferent health systems and resources (e.g. Lower-Middle 
Income Countries); economic, political and organisational 
barriers; and variations in stroke care practices.17

Several opportunities for scale-up and spread of the 
FeSS Protocols into routine acute stroke care across Europe 
were identified. They were, the focus on research priorities 
for implementation stroke research in the 2018–2030 
Stroke Action Plan for Europe (SAP-E),18 and the urgent 
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global initiative to improve access to stroke units and the 
specialist stroke nursing care provided in these units. A 
partnership was formed between QASC Trial researchers, 
the European Stroke Organisation (ESO), the European 
Acute Networks Striving for Excellence in Stroke (Angels) 
Initiative19 and the Registry of Stroke Care Quality (RES-
Q) to target management of these three complications fol-
lowing stroke.19,20 The Angels Initiative is a not-for-profit 
organisation that operates to optimise the quality of treat-
ment in all existing stroke centres.

We aimed to examine the real-world effectiveness of 
supported implementation of the FeSS Protocols by: (i) 
examining changes in monitoring and treatment for fever, 
hyperglycaemia and swallowing pre-to-post-FeSS Protocol 
implementation; (ii) determining whether pre-to-post-
implementation changes in monitoring and treatment dif-
fered between high-income countries (HIC) and countries 
with lower incomes (lower-middle income and upper-mid-
dle income21 – hereafter jointly classified as middle income 
countries (MIC)) and (iii) comparing post-implementation 
changes between HIC and MIC.

Methods

Study design

This pre-test/post-test study involved collection of data 
from medical records for consecutive patients with stroke 
admitted to participating hospitals. Our study is reported 
using the SQUIRE reporting guidelines.22

The study was overseen by the QASC Europe Steering 
Committee with a part-time study liaison officer based in 
the Netherlands. The Nursing Research Institute based in 
Australia led the independent evaluation, and guided and 
supported the Angels consultants, country nurse coordina-
tors and hospital clinical champions in the implementation 
processes at a local level.

Ethics approval

Ethics approval was obtained from Australian Catholic 
University (2017-11H). The project protocol as approved by 
Australian Catholic University HREC is available as 
Supplemental Appendix A. As the study was observational 
and all data were de-identified, individual patient consent was 
not required as no identifying patient information was pro-
vided by hospitals. Some hospitals in Italy, Portugal and 
Spain required ethical clearance (Supplemental Appendix B).

Participants

Hospitals with stroke units/stroke services already partici-
pating in the European Angels Initiative programme were 
eligible to participate. Eligible patients were those with a 
discharge diagnosis of ischaemic stroke, intracerebral 
haemorrhage or stroke of undetermined origin, presenting 

within 48 h of symptom onset. Patients identified for pallia-
tive care only on admission were excluded.

Procedures

FeSS Protocols and resources were translated into 12 lan-
guages: Bulgarian, Czech, French, Hungarian, Italian, 
Polish, Portuguese, Romanian, Russian, Slovakian, Spanish 
and Ukrainian.

Implementation strategy.  The FeSS Protocols and imple-
mentation strategy used in the QASC trial7,8 and the QASC 
Implementation Project9 were adapted for international use 
and included: audit and feedback, clinical champions, bar-
rier and enabler assessments, educational workshops and 
reminders (Box 1).23,24

Intervention.  Hospital clinicians undertook a pre-imple-
mentation audit of fever, hyperglycaemia and swallow 
management during the first 72 hours after stroke using 
standardised indicators. Hospital clinical champions were 
provided with a self-directed PowerPoint® training module 
on how to complete the audit as well as the data collection 
tool and data dictionary translation in their native language. 
Local hospital clinical champions then conducted two mul-
tidisciplinary workshop and education sessions with the 
support of stroke physicians, and speech and language ther-
apists. Angels Consultants were briefed on FeSS Protocols 
and implementation strategies by our European liaison 
officer, and then assisted the clinical champions with work-
shops. Pre-implementation (baseline) audit data were pre-
sented at the first workshop by hospital clinical champions. 
Teams then identified potential barriers and enablers to 
FeSS Protocol implementation, developing local solutions 
recorded on a hospital-specific Action Plan which was 
revisited at the second workshop. Facilitation of the inter-
vention was co-ordinated remotely from Australia (Supple-
mental Appendix C). Following workshops and education 
sessions, hospital clinical champions notified the research-
ers of the date of commencement of FeSS Protocol use.

Data collection

The hospital clinicians from each participating hospital 
completed an Organisational Survey on workplace charac-
teristics reporting: presence of a stroke unit (derived from 
whether they reported co-located beds, interprofessional 
stroke team, interprofessional team meetings and staff edu-
cation),23,25 stroke service certification from ESO, bed 
capacity, types of stroke services available and employment 
of any stroke expert nurses (stroke specialist nurse, stroke 
nurse practitioner, clinical nurse educator, clinical nurse 
consultant, advanced practice nurse).

Hospital clinicians retrospectively audited between 40 
and 100 consecutive eligible stroke admissions (number 
determined by each hospital and depended on hospital stroke 
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presentation volume) commencing from time of study enrol-
ment until their chosen number of records was reached, to 
provide pre-implementation data. Pre-implementation audits 
were conducted between March 2018 and June 2020.

The post-implementation audits was conducted 3 months 
after FeSS Protocol commencement at each hospital, which 
allowed a ‘bedding down’ period for the FeSS Protocols to 
become normal practice.7,8 Hospital clinicians undertook 
medical record audits for a similar number of prospectively 
identified consecutive stroke admissions (post-implemen-
tation data), conducted between January 2019 and February 
2021. (As with the pre-implementation audit, the number of 
records audited were determined by the hospital and all 
other audit methods were identical.)

Data were entered by hospital clinical champions into the 
on-line Global Registry of Stroke Care Quality (RES-Q)26 
database based in Brno, Czech Republic and operating in 75 
countries. Data collected were: patient demographic charac-
teristics (age, sex), stroke type, stroke severity (National 
Institutes of Health Stroke Scale (NIHSS)),27 premorbid risk 
factors, functional status (modified Rankin Scale (mRS)),28 
treatment with thrombolysis, monitoring and treatment 
according to the FeSS Protocols, discharge mRS and dis-
charge destination. A sample of five records for each hospital 
was randomly selected by the statistician and independently 
audited by a second local auditor to assess inter-rater reliabil-
ity. An a priori process evaluation of implementation barriers 
and facilitators will be reported elsewhere.

Box 1.  QASC Europe intervention component.

Fever, hyperglycaemia (sugar) swallow (FeSS) protocols
Fever
■  Temperature readings monitored and recorded four times per day for the first 72 h
■  If temperature ⩾37.5°C treat within 1 h with paracetamol or other antipyretic
Sugar (hyperglyceamia)
■  Formal venous glucose on admission to Emergency Department or stroke service
■  Finger-prick blood glucose level readings monitored and recorded four times per day for the first 48 h
■  If glucose >10 mmol/L (>180 mg/dL) treat within 1 h with insulin
Swallowing
■  Swallow screen or swallow assessment within 24 h of admission and prior to being given oral food, fluids or medications
■  Referral to speech and language therapist/pathologist for full assessment for those who fail the swallow screen
Implementation strategy
Multidisciplinary workshops
Workshop 1 – (one at each hospital)
■  Presentation of pre-implementation audit results
■  Identification of barriers and enablers to FeSS Protocol use
■  Development of local Action Plan
Workshop 2 – (one at each hospital)
■  Revisit Action Plan
■  Ascertain actions already taken
■  Explore any further local barriers
Education
■  PowerPoint provided by Nursing Research Institute research team
■  Sessions for all clinicians run by local clinical champions
Use of clinical opinion leaders
■  National clinical opinion leaders available for support (reactive)
■  Clinical site champions at each hospital
Site Support
■  Local: clinical champions at each hospital
■ � External: Angels consultants visited sites to discuss progress. They were supported by Project European Liaison Officer who 

did not visit sites but briefed the Angels consultants on processes and provided on-going reactive support to Angel consultants.
■  Country champions
Audit and Feedback
■  Pre-implementation audit results provided to each hospital 1 week following completion of data entry
Reminders
■  Milestones poster provided to hospitals for display outlining steps in the implementation process
■ � Proactive face-to-face,* contact from Angels Consultant following completion of pre-implementation audit data collection and 

reactive contact when required
■  Emails

○  Proactive email from Nursing Research Institute research team to clinical champions following each milestone
○  Reactive emails from Nursing Research Institute research team to Angels Consultants
○  Reactive emails from Nursing Research Institute team to Country Champions
○  Reactive emails from Country champions to local clinical champions when required or requested

*Pre COVID-19, face-to-face; during COVID-19 pandemic, by telephone.
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Outcome measures

The primary outcome was a post-hoc binary measure of 
adherence with all monitoring and treatment elements of 
the FeSS Protocols as recorded in the medical records. 
While we do not have a formal published protocol, the pro-
tocol submitted to the ACU ethics committee included all 
the outcomes related to adherence to the individual ele-
ments of the protocols and a summary measure for each of 
the fever, hyperglycaemia and swallowing protocols. A 
priori, we did not specify primary or secondary outcomes. 
Prior to analysis we decided that a composite outcome 
measure would aid interpretation. The a priori secondary 
outcomes were adherence to each of the combined monitor-
ing and treatment elements for: (i) fever, (ii) hyperglycae-
mia and (iii) swallowing. The tertiary outcomes were 
adherence to the individual elements of the FeSS Protocols; 
Due to increasing interest of a clinical impact of the FeSS 
Protocols, we decided prior to analysis to include the fol-
lowing treatment outcomes (receipt of thrombolysis; stroke 

unit care) and discharge clinical outcomes (discharge desti-
nation; ability to walk on discharge; duration of hospital 
stay; discharge mRS) (Box 2). We also generated a FeSS 
adherence score as the proportion of six FeSS Protocol ele-
ments (as listed in Box 1, excluding formal venous glucose 
on admission) correctly implemented for each individual.

Statistical analysis

Patient demographic and clinical characteristics of pre and 
post-implementation patients were compared using the chi-
squared test or Fisher’s exact test.

Hospitals that provided data for both pre and post imple-
mentation were included in the main analyses. The number 
and proportion of patients with each outcome pre and post 
implementation was reported. Pre-to-post implementation 
change in outcomes were assessed separately for each out-
come using mixed effects logistic regression which included 
variables for implementation status (pre or post), age group, 

Box 2.  QASC Europe outcome measures.

• Primary outcome (Post-hoc)*
■  Adherence to all monitoring and treatment elements of the FeSS Protocols
• Secondary outcomes
■  Adherence to all monitoring and treatment elements of the Fever Protocol
■  Adherence to all monitoring and treatment elements of the Hyperglycaemia (Sugar) Protocol
■  Adherence to all monitoring and treatment elements of the Swallow Protocol
• Tertiary outcomes
■  Fever Protocol

○ Temperature monitored at least four times per day on day of admission
○ Temperature monitored at least four times per day on day 2 of admission
○ Temperature monitored at least four times per day on day 3 of admission
○ Paracetamol (or other anti-pyretic) given for first temperature ⩾37.5°C
○ Paracetamol (or other anti-pyretic) given with 1 h from first temperature ⩾37.5°C

■  Hyperglycaemia (Sugar) Protocol
○ Venous blood glucose level sample collected and sent to laboratory
○ Blood Glucose Levels (BGL) monitored at least four times per day on day of admission
○ BGLs monitored at least four times per day on day 2 of admission
○ BGLs monitored at least four times per day on day 3 of admission (if BGLs unstable)
○ Insulin given for first BGL ⩾10 mmol/L
○ Insulin given within 1 h from first BGL ⩾10 mmol/L

■  Swallow Protocol
○ Formal swallow screen performed
○ Failed screen and subsequently had swallow assessment
○ Swallow screen performed within 24 h
○ Swallow assessment recorded
○ Swallow screen OR assessment recorded
○ Swallow screen or assessment performed before being given oral medications
○ Swallow screen or assessment performed before being given oral food or fluids

■  Treatment Outcomes (Post-hoc)*
○ Receipt of thrombolysis
○ Stroke unit care

■  Discharge Outcomes (Post-hoc)*
○ Discharge destination
○ Ability to walk on discharge
○ Duration of hospital stay
○ Discharge modified Rankin Score

*Post-hoc outcomes were determined prior to analysis.
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sex and stroke severity (NIHSS) and adjusted for correlation 
of outcomes within hospital and country. Although inclusion 
of the covariates in the model was not mentioned in the eth-
ics protocol, their use is considered conventional. Adjusted 
differences in proportions from pre-to-post-implementation 
are reported with 95% Confidence Interval (CIs).

Post-hoc, to determine if the pre-to-post changes in pri-
mary or secondary outcomes differed between HIC and 
MIC21 we repeated the above analyses including a term 
for country income classification (HIC vs MIC) and an 
interaction between time (pre/post) and country income 
classification. A statistically significant estimate for this 
term indicated that the changes pre-to-post differed by 
country income classification. The differences in propor-
tions with the outcome from pre-to-post implementation 
are reported separately for country income classification, 
with 95% CIs.

Post-implementation primary and secondary outcomes 
were compared between HIC and MIC using mixed effects 
logistic regression models with post-implementation data 
only, and including country income classification (HIC/
MIC), age, sex and stroke severity (NIHSS), and adjusted 
for correlation of outcomes within hospital and country; 
differences in proportions are reported with 95% CIs. As an 
additional comparison of HIC and MIC post-implementa-
tion practices, we graphed the mean FeSS adherence score, 
with 95% CI, by country income status and hospital.

Observations with missing values for covariates were 
excluded from the regression models (complete case analy-
ses) but are included in descriptive tables where appropri-
ate. Due to the number of missing values for NIHSS we 
undertook sensitivity analyses including a category for 
missing NIHSS.

Cohen’s Kappa coefficient was calculated to measure 
inter-rater agreement at the patient level for the primary 
outcome of overall FeSS adherence.

Role of the funding source: The funder and industry 
collaborators had no role in the study design, data collec-
tion, data analysis, data interpretation or report writing.

Results

Of the 102 hospitals from 18 countries (eight HIC and 10 
MIC) who volunteered to participate; 19 hospitals with-
drew without reason before entering any data.

Pre-implementation data entry was commenced by 83 
hospitals with 76 hospitals completing (n = 4196 patients); 
197 patients were ineligible due to arriving at the hospital 
48 h after symptom onset (total n = 3999 patients from 18 
countries). FeSS Protocol implementation was commenced 
in 73 hospitals in 17 countries (one country (France) with-
drew all three hospitals as they no longer had an Angels 
consultant), one hospital failed to complete implementa-
tion due to COVID-19. Eight hospitals failed to complete 
post-implementation data entry due to COVID-19, leaving 

64 hospitals from 17 countries (as for pre-implementation 
excluding France) providing pre-implementation data for 
3464 and post-implementation data for 3348 patients; 91 
patients were ineligible due to arriving at hospitals 48 h 
after symptoms onset (total n = 3257) (Figure 1).

Hospital characteristics

Of the 56 hospitals from 16 countries providing organisa-
tional data, 84% (n = 37) were public hospitals, 61% (n = 34) 
had a dedicated stroke unit,25 23% (n = 13) had a stroke ser-
vice certification by the ESO,29 70% (n = 39) were a 
Comprehensive Stroke Centre and 80% (n = 45) reported 
employing a Stroke Expert Nurse (Table 1); there were a 
median of 496 strokes admitted per year.

Patient demographics and characteristics

Patient characteristics were generally similar for pre- and 
post-implementation groups. However, there were significant 
differences in pre- and post-implementation distribution for 
full range pre-morbid mRS however there was no difference 
in the dichotomised pre-morbid mRS (Table 2).

FeSS management and treatment: Overall 
adherence (primary and secondary outcomes)

Statistically significantly larger proportions of patients 
adhered with all management and treatment elements of the 
FeSS Protocols from pre-to-post implementation (Pre: 
3.4%, Post: 35%; Absolute difference 33%, 95% CI 24%, 
42%; p < 0.0001). Similarly, significantly greater propor-
tion of patients from pre-to-post implementation had care 
adhering to all elements of: the fever elements combined 
(Pre: 17%, Post: 51%; Absolute difference 33%, 95% CI 
30%, 37%; p < 0.0001); the hyperglycaemia elements com-
bined (Pre: 18%, Post: 52%; Absolute difference 34%; 95% 
CI 31%, 36%; p < 0.0001); and the swallowing elements 
combined (Pre: 39%, Post: 67%; Absolute difference 29%, 
95% CI 26%, 31%; p < 0.0001) (Table 3).

FeSS adherence: Individual elements (tertiary 
outcomes)

We also found that larger proportions of patients had 
improved monitoring and treatment for individual elements 
of the FeSS Protocols post-implementation, compared to 
pre-implementation (Table 3).

Treatment and discharge outcomes (tertiary 
outcomes)

Significantly more patients were treated in a stroke unit 
(p < 0.001) and were able to walk unassisted on discharge 
(p = 0.0105) post-implementation. There were no differences 
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from pre- to post-implementation in receipt of intravenous 
thrombolysis, discharge destination, duration of hospital stay 
or disability using a dichotomised mRS (mRS < 2 vs 
mRS ⩾ 2). Our tertiary outcome analysis showed a shift 
towards worse outcome on the discharge mRS (Table 4).

A sensitivity analysis including pre-implementation 
data from hospitals who subsequently withdrew or  
were lost to follow-up showed consistent results 
(Supplemental Appendix D) as did analyses including a 
missing data category for NIHSS. There were no differ-
ences for FeSS adherence outcomes between those 

hospitals that completed the project and those that 
didn’t. Hospitals that did not complete the project had a 
higher proportion of patients with moderate to severe 
premorbid disability at pre-intervention. (Supplemental 
Appendix E and F).

FeSS monitoring and treatment practices 
between HIC and MIC

Comparison of pre-post changes for HIC and MIC (exploratory 
analysis).  Pre-implementation data were received for 2397 

Figure 1.  QASC Europe project flow diagram.
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patients and 2199 patients post-implementation from 44 
hospitals in seven HICs (Lithuania, Czech Republic, Italy, 
Poland, Portugal, Slovakia, Spain); and 1067 patients pre-
implementation and 1058 patients post-implementation 
from 20 hospitals in 10 MICs (Armenia, Belarus, Bulgaria, 
Romania, Russia, Georgia, Kazakhstan, Moldova, Ukraine, 
Uzbekistan).21 Patients from MIC were younger, more 
likely to have had a previous stroke, a more severe stroke 
and a higher pre-morbid mRS. They were less likely to be 
able to walk unassisted on admission, have diabetes and 
took longer to arrive at the ED but were faster to be admit-
ted to a stroke unit relative to patients from HIC (Supple-
mental Appendix G).

Pre-post implementation changes in the overall FeSS 
Protocol compliance were significantly greater for HIC 
compared with MIC. However, the relationship was 

reversed for compliance with each of the combined fever, 
hyperglycaemia and swallow elements (Table 5).

Changes in treatment and discharge outcomes between 
HIC and MIC were similar, with greater improvements in 
proportion of patients treated in a stroke unit and able to 
walk unassisted on discharge in MIC (Supplemental 
Appendix H).

Post-implementation changes between HIC and MIC.  Post-
implementation primary and secondary outcomes were 
similar for HIC and MIC (Supplemental Appendix 1).

Mean FeSS adherence score varied greatly between hos-
pitals, ranging from 38% to 100% with 11% hospitals 
recording less than 50% mean overall FeSS Protocol adher-
ence and 14% recording over 95% adherence (Supplemental 
Appendix J). There was no discernible difference in distri-
bution of mean overall FeSS Protocol adherence with coun-
try income class.

Data quality.  Inter-rater reliability data were received and 
successfully matched for 265 post-implementation patients 
from 53 hospitals. Post intervention overall FeSS Protocol 
adherence had a Kappa value of 0.86 (95% CI 0.77, 0.92) 
indicating moderate to strong inter-rater reliability.30

Discussion

The QASC Europe Study was a pan-European study to sup-
port clinicians to implement the evidence-based FeSS 
Protocols. We achieved significant improvements in overall 
FeSS Protocol adherence, as well as individual fever, 
hyperglycaemia and swallowing elements of the FeSS 
Protocols. Given published behaviour change improve-
ments of between 4% and 12%,24 the improvements in clin-
ical practice observed in this study of up to 30% and across 
multiple elements of the Protocols, is laudable. Our data 
support that the improvement in FeSS Protocol adherence 
is likely due to our implementation strategy and not exter-
nal factors because other metrics of stroke care quality such 
as thrombolysis remained unchanged.

While evidence from several studies show the FeSS 
Protocols reduce death and dependency at 90-days7 and up 
to 4 years post-stroke,8 in this non-clinical trial study, worse 
outcomes were shown for discharge mRS. This maybe be 
because FeSS Protocols do not improve discharge mRS 
and/or that our measuring of the recording of information 
does not accord with actual care provided. Although differ-
ences in study design and definition of measures mean that 
we cannot directly compare our results to the process meas-
ures for the original QASC Trial results,31 pre-post differ-
ences seen in QASC Europe were generally greater than 
those seen between intervention and control hospitals in the 
original QASC Trial.

We note a discrepancy between the number of hospitals 
who reported presence of a stroke unit and the number of 

Table 1.  QASC Europe hospital characteristics (n = 56 hospital, 
n = 16 countriesa).

n (%)

Hospital type
  Public 37 (84)
  Private 7 (16)
  (Missing) 12 (27)
Stroke unitb 34 (61)
  Co-located beds 55 (98)
  Interprofessional stroke team 51 (91)
  Interprofessional team meetings 39 (70)
  Staff education 48 (86)
ESO stroke service certification 13 (23)
  Stroke admission per year
    <250 5 (9.1)
    250–499 22 (40)
    500–749 11 (20)
    750–999 7 (13)
    >1000 10 (18)
    (Missing) 1 (1.8)
  Stroke serviceb

    Comprehensive stroke centre 39 (70)
    Primary stroke centre 17 (30)
    General hospital 0 (0)
  Any stroke expert nursec 45 (80)
    Stroke specialist nurse 33 (59)
    Stroke nurse practitioner 23 (41)
    Clinical nurse educator 15 (27)
    Clinical nurse consultant 10 (18)
    Advanced practice nurse 23 (41)

Numbers may not add to total sample size due to missing data.
aArmenia, Belarus, Bulgaria, Czech Republic, France, Georgia, Italy, 
Kazakhstan, Lithuania, Moldova, Poland, Portugal, Romania, Russia, 
Slovakia, Spain and Ukraine.
bStroke Foundation Framework (Stroke Foundation. National Acute 
Stroke Services Framework 2019. Melbourne, 2019).
cThese positions are filled by a Registered Nurse with extensive experi-
ence and additional training or education who work in an advanced 
practice stroke specific role.



140	 European Stroke Journal 8(1)

patients who received stroke unit care. This could possibly 
be due to inconsistencies around the definition of a stroke 
unit, or new stroke units being set up during the study.

Pre-implementation, monitoring and treatment was low 
for the combined fever (16%), and combined hyperglycae-
mia (16%) protocols and somewhat higher but still sub-
optimal for combined swallowing elements (41%). Such 

low baseline level of FeSS can explain the large size of the 
pre-to-post improvements. Also, while pre-to-post improve-
ments were substantial these were received by only half to 
two thirds of patients indicating the need for further con-
centrated efforts to improve compliance.

Significant pre-to-post improvements were made in 
both HIC and MIC. Improvements in overall FeSS Protocol 

Table 2.  QASC Europe: patient demographic, clinical characteristics.

Pre N = 3464 Post N = 3257 p

  n (%) n (%)

Participating sites 64 64  
Gender
  Female 1717 (51) 1617 (50) 0.3062
  Male 1653 (49) 1639 (50)
  (Missing) 94 (2.7) 1 (0.03) –
Age group (years)
  <65 1041 (30) 910 (28) 0.1096
  65–<75 931 (27) 954 (29)
  75–<85 970 (28) 915 (28)
  85+ 505 (15) 477 (15)
  (Missing) 17 (0.49) 1 (0.03) –
Premorbid risk factors
  Previous stroke 483 (14) 416 (13) 0.1696
  Diabetes 616 (18) 629 (19) 0.1138
  None 2172 (63) 2021 (62) 0.5992
Premorbid modified Rankin Score
  0: No symptoms at all 1883 (59) 1757 (60) 0.0357
  1: No significant disability despite symptoms 465 (14) 401 (14)
  2: Slight disability 307 (9.6) 283 (9.6)
  3: Moderate disability 300 (9.3) 232 (7.9)
  4: Moderately severe disability 137 (4.3) 170 (5.8)
  5: Severe disability 119 (3.7) 106 (3.6)
  mRS ⩽ 2 2348 (73) 2158 (73) 0.9850
  (Missing) 253 (7.3) 308 (9.5) –
Stroke type
  Ischaemic stroke 3057 (88) 2879 (88) 0.8825
  Intracerebral haemorrhage 368 (11) 338 (10)
  Undetermined/(missing) 39 (1.1) 40 (1.2)
National Institutes Health Stroke Scale
  0–7 (mild stroke) 1546 (53) 1419 (52) 0.0691
  8–16 (moderate stroke) 882 (30) 799 (29)
  17+ (severe stroke) 482 (17) 517 (19)
  (Missing) 554 (16) 522 (16) –
Able to walk unassisted on admission
  Yes 1425 (45) 1409 (46) 0.7850
  No 1723 (55) 1678 (54)
  (Missing) 316 (9.1) 170 (5.2) –
Time from onset of symptoms to Emergency Department (min)
  N: Median (Q1, Q3) 2528: 186 (87, 438) 2287: 187 (90, 470) 0.3305
Time from onset of symptoms to stroke unit (min)
  N: Median (Q1, Q3) 2113: 370 (180, 870) 2144: 390 (190, 904) 0.1687

p-values from chi squared test for categorical data, Wilcoxon rank-sum test for continuous data. Hypothesis tests omit missing data. 
Bold indicates significant values
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adherence were significantly higher in HIC when com-
pared with MIC. This relationship was reversed for the 
each of the combined fever, hyperglycaemia and swallow 
elements; while potentially counter intuitive, this reversal 

was due to a lower adjusted baseline adherence in MIC. 
However, these were exploratory tests and we do not con-
sider that they show any meaningful difference between 
MIC and HIC in terms of FeSS adherence; rather, the 

Table 3.  QASC Europe FeSS management results.

Pre N = 3464 Post N = 3257 Differences in 
proportion (95% CI)a

p*

  n (%) n (%)

Participating sites 64 64 – –
Patient records entered 3464 (100) 3257 (100) – –
Overall adherence to the FeSS protocolc 119 (3.4) 1128 (35) 33% (24%, 42%) <0.0001
  Temperature monitored at least four times per day
    Day of admissiond 1493 (43) 2565 (79) 35% (32%, 38%) <0.0001
    Day 2 of admissiond 1267 (37) 2267 (70) 33% (31%, 36%) <0.0001
    Day 3 of admissiond 943 (27) 1936 (59) 31% (28%, 33%) <0.0001
  Temperature >37.5°C recorded within 72  h of admission 514 (15) 580 (18) 2.6% (0.72%, 4.4%) 0.0058
  �  Paracetamol (or other anti-pyretic) given for first temperature 
⩾37.5°C

328 (64) 487 (84) 19% (12%, 26%) <0.0001

  �  Paracetamol (or other anti-pyretic) given with 1  h from first 
temperature ⩾37.5°Cd

291 (57) 458 (79) 20% (13%, 27%) <0.0001

Monitored and treated according to the Fever Protocold 607 (17) 1675 (51) 33% (30%, 37%) <0.0001
 � Venous blood glucose level sample collected and sent to 
laboratory

3143 (91) 3172 (97) 6.9% (4.9%, 8.9%) <0.0001

  Blood glucose level (BGL) monitored at least four times per day
    Day of admissione 1312 (40) 2438 (75) 36% (33%, 38%) <0.0001
    Day 2 of admissione 1122 (32) 2224 (68) 35% (33%, 38%) <0.0001
    Day 3 of admissionb 736 (21) 1691 (52) 30% (27%, 33%) <0.0001
  BGL  ⩾  10  mmol/L within 48  h of admission 645 (19) 693 (21) 4% (1.8%, 6.1%) 0.0002
    Insulin given for first BGL  ⩾  10  mmol/L 417 (65) 543 (78) 15% (9.8%, 21%) <0.0001
    Insulin given within 1  h from first BGL  ⩾  10  mmol/Le 377 (58) 519 (75) 17% (12%, 23%) <0.0001
Monitored and treated according to the Hyperglycaemic (Sugar) 
Protocole

608 (18) 1702 (52) 34% (31%, 36%) <0.0001

  Formal swallow screen performed 2172 (63) 2817 (86) 22% (15%, 28%) <0.0001
    Failed swallow screen 475 (22) 717 (25) 1.7% (−0.51%, 3.9%) 0.1325
    Failed screen and subsequently had swallow assessmentf 299 (63) 472 (66) 6.9% (2.2%, 12%) 0.0036
  Swallow screen performed within 24  hf 1729 (50) 2584 (79) 30% (26%, 34%) <0.0001
  Swallow assessment recorded 1499 (43) 1887 (58) 15% (13%, 17%) <0.0001
  Swallow screen OR assessment recorded? 2339 (67) 2865 (88) 19% (12%, 26%) <0.0001
 � Swallow screen or assessment performed before being given 
oral medicationsf

1958 (56) 2667 (82) 23% (19%, 28%) <0.0001

 � Swallow screen or assessment performed before being given 
oral food or fluidsf

1974 (57) 2688 (82) 24% (19%, 29%) <0.0001

Monitored and treated according to the Swallow Protocolf 1360 (39) 2178 (67) 29% (26%, 31%) <0.0001

Paracetamol, insulin administration and subsequent swallow assessment outcomes include only patients with a fever (Model N = 411 Pre: N = 477 
Post), hyperglycaemic event (Model N = 512 Pre: N = 594 Post) or failed swallow screen (Model N = 404: N = 571 Post) within relevant time period 
respectively. Monitoring and treatment practices were based on the documentation of activities in the medical records and therefore absent values 
were recorded as not carried out rather than missing. 
aEstimated marginal mean difference in proportion from mixed effects model calculated using the R margins package, standard errors for confidence 
interval obtained using delta method.
bOnly monitored if BGL unstable in first 48 h.
cMust meet (d–f) to be deemed as having been monitored and treated according to the complete FeSS Protocol. This was a post-hoc, but pre-analy-
sis outcome, comprised of a priori individual FeSS processes of care measures.
dMust meet all elements to be deemed as having been monitored and treated according to the Fever Protocol.
eMust meet all elements to be deemed as having been monitored and treated according to the Hyperglycaemic (Sugar) Protocol.
fMust meet all elements to be deemed as having been monitored and treated according to the Swallow Protocol.
*Mixed effects logistic regression controlling for age, sex, NIHSS and correlation within site and country. Model omits patients with missing covari-
ate data (Model N  =  2814 Pre: N  =  2734 Post).
Bold indicates significant values
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important message is that the countries’ income status did 
not influence the improvements in monitoring and treat-
ment (Table 5).

Post-implementation, adherence with individual ele-
ments of the FeSS Protocols were broadly similar between 
MIC and HIC noting that while combined swallowing 
management and treatment practices were higher for MIC 
(73%) than HIC (64%) this difference was not statistically 
significant (Supplemental Appendix H). However, the 
clinical importance of these improvements in MIC is note-
worthy in that many hospitals in MIC have no access to 
stroke unit care nor reperfusion therapies with corre-
sponding limited resources for patient care,5 hence, use of 
the FeSS Protocols has the potential to significantly 
improve stroke patient outcomes. These results also help 
contradict any assumption that lack of resources is a bar-
rier to achieving improvements in quality stroke care 
delivery in MIC.4,5

Our study had multiple strengths. Firstly, post-imple-
mentation patients were prospectively identified consecu-
tive stroke admissions. Secondly, our inter-rater reliability 
checks were rigorous, with reliability cases randomly 
selected by the study statistician (BM) and not the hospital 
clinicians and showed moderate to strong agreement. Other 
strengths included stakeholder engagement with ESO, use 
of an established stroke audit platform and importantly, the 
involvement of the Angels Consultants who were already 
active in these hospitals. External facilitation previously 
has been shown to improve stroke care processes.32 Building 
on this evidence, our study also provides evidence of suc-
cessful remote offshore facilitation (from Australia) of a 
complex intervention delivered simultaneously to multiple 
international stakeholders (in Europe). In addition, with 
implementation scale-up there is always the risk of ‘voltage 
drop’33 where the intervention effect is minimised or lost – 
this was not observed in the QASC Europe Study.

Table 4.  QASC Europe: patient treatment and discharge outcomes.

Pre N  =  3464 Post N  =  3257 Difference in proportion 
(95% CI)b

pa

  n (%) n (%)

Treatment
  Patient received intravenous thrombolysis 813 (23) 738 (23) −1.2% (−3.4%, 0.99%) 0.2770
  Patient treated in a stroke unit at any time during their 
stay

2904 (84) 2974 (91) 4.1% (2%, 6.2%) <0.0001

Discharge outcomes
  Discharge destination
    Home 1965 (61) 1799 (61) n/a 0.6774
    Rehabilitation facility 402 (13) 363 (12)
    Long-term care/nursing home 198 (6.2) 208 (7.1)
    Other hospital 323 (10) 293 (9.9)
    Deceased 294 (9.2) 280 (9.5)
    (Missing) 253 (7.3) 308 (9.5) – –
  Discharge modified Rankin Score
    0: No symptoms at all 489 (15) 390 (13) n/a 0.0328
    1: No significant disability despite symptoms 572 (18) 505 (17)
    2: Slight disability 413 (13) 413 (14)
    3: Moderate disability 472 (15) 402 (14)
    4: Moderately severe disability 521 (16) 522 (18)
    5: Severe disability 450 (14) 437 (15)
    6: Deceased 294 (8.5) 280 (9.5)
    mRS  ⩾  2 2150 (67) 2054 (70) 1.6% (−0.65%, 3.9%) 0.1614
    (Missing) 243 (7.0) 308 (9.5) – –
  Able to walk unassisted on discharge
    Yes 1791 (53) 1799 (56) 2.9% (0.68%, 5.2%) 0.0105
    No 1562 (47) 1410 (44)
    (Missing) 111 (3.2) 48 (1.5) – –
  Duration of hospital stay (days)
    Median (Q1, Q3) 8 (5, 12) 8 (5, 12) −0.20 (−0.53, 0.14) 0.1257

n/a: due to the multiple nominal distribution of this variable it was not appropriate to calculate pre-post difference in proportions.
aMixed effects logistic regression controlling for age, sex, NIHSS and correlation within site and country.
bEstimated marginal mean difference in proportion from mixed effects model, standard errors for confidence interval obtained using delta method.
Bold indicates significant values
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An additional strength of our study is the examination of 
the performance for all three physiological measures which 
has not been previously undertaken in Europe. In the 
BRIDGE stroke trials,12,15,34 whilst dysphagia management 
was evaluated, acute management of fever and assessment 
of blood glucose levels was not, despite many international 
clinical practice guidelines specific to these.35–38 Our large-
scale, multi-country, multi-centre implementation study 
with an embedded a priori process evaluation, demon-
strated successful large-scale implementation of the evi-
dence-based FeSS Protocols with significant improvements 
in FeSS management. Our study had a focused multi-coun-
try approach to fever, hyperglycaemia and swallowing 
management following stroke, which prior to this study 
was not part of routine data collection within Europe. 
Routine collection of these variables is now embedded in 
the RES-Q platform for future evaluation. Further, there 
have been no international stroke implementation studies 
describing remote facilitation and action planning methods 
as used in our study. Prior efforts to improve guideline 
adherence has concentrated primarily on audit and feed-
back mechanisms.

Our study had some limitations. As the primary outcome 
measure was not included in the original protocol submit-
ted to ACU ethics committee, this needs to be interpreted 
accordingly, however, composite outcomes are more diffi-
cult to achieve, and this post-hoc analysis was done for ease 
of study results interpretation. We had a volunteer rather 
than random sample of hospitals and the implementation of 
the FeSS Protocols was not randomly assigned. However, 
the project reflected real-time, real-world clinical practice 

with minimal patient exclusions and this enabled us to 
include a wide range of European countries. Further, 90-day 
patient outcome data were not collected as this was a 
focused implementation and scale up study and not a ran-
domised trial with clinical outcomes. The study also used 
retrospective pre-implementation historical data from the 
medical records but data from prospectively recruited 
patients for the post-implementation data. This difference 
may have resulted in recording bias. Data also were self-
reported by hospital clinicians, acknowledging potential for 
response bias. However, the retrospective nature of clinical 
audit and the use of self-reported data in not unconven-
tional. The study was severely impacted by the COVID-19 
pandemic with many stroke units across Europe co-opted, 
or stroke-specialist staff redeployed39,40 producing an 
extended period for post-implementation audit commence-
ment/completion. This may have resulted in a longer time 
to ‘bed down’ the intervention potentially increasing the 
impact of the intervention. Conversely, international stroke 
data showed that due to COVID-19, many patients with 
stroke did not receive access to time critical stroke care, 
rehabilitation and prevention therapies40; stroke unit care; 
antihypertensives, antithrombotics on discharge; nor access 
to rehabilitation.41 That our participating hospitals did man-
age to initiate the FeSS Protocols during this disruptive 
time is testament to the study’s ability to drive behaviour 
change and establish a common purpose to manage these 
nursing aspects of stroke care more effectively. Twelve hos-
pitals which provided pre-implementation data did not pro-
vide any post-implementation data; this may also have been 
impacted by the COVID-19 pandemic. There were also a 

Table 5.  QASC Europe FeSS management per country income status.

High income countries Middle income countries p*

  Pre N = 2397, 
n (%)

Post N = 2199, 
n (%)

Pre/post changes 
(95% CI)a

Pre N = 1067, 
n (%)

Post N = 1058, 
n (%)

Pre/post changes 
(95% CI)a

Participating sites 44 44 20 20  
Monitored and treated according to 
the combined FeSS Protocolb

87 (3.6) 773 (35) 33% (21%, 46%) 32 (3.0) 355 (34) 31% (19%, 43%) 0.0365

Monitored and treated according to 
the Fever Protocolc

468 (20) 1115 (51) 31% (28%, 35%) 139 (13) 560 (53) 39% (31%, 47%) 0.0001

Monitored and treated according to 
the Hyperglycaemic Protocold

525 (22) 1178 (54) 31% (28%, 33%) 83 (7.8) 524 (50) 37% (28%, 46%) <0.0001

Monitored and treated according to 
the Swallow Protocole

835 (35) 1404 (64) 27% (25%, 30%) 525 (49) 774 (73) 29% (21%, 37%) 0.0045

Paracetamol, insulin administration and subsequent swallow assessment outcomes include only patients with a fever (Model N = 411 Pre: N = 477 
Post), hyperglycaemic event (Model N = 512 Pre: N = 594 Post) or failed swallow screen (Model N = 404: N = 571 Post) within relevant time period 
respectively. The CIs for difference in proportions overlap due to methods of estimating marginal mean. Odds ratio confidence intervals do not 
overlap where p < 0.05 (data not shown).
aEstimated marginal mean difference in proportion from mixed effects model, standard errors for confidence interval obtained using delta method.
bMust meet d, e and f to be deemed as having been monitored and treated according to the combined FeSS Protocol.
cMust meet all elements to be deemed as having been monitored and treated according to the Fever Protocol.
dMust meet all elements to be deemed as having been monitored and treated according to the Hyperglycaemic (Sugar) Protocol.
eMust meet all elements to be deemed as having been monitored and treated according to the Swallow Protocol. *Mixed effects logistic regres-
sion controlling for age, sex, NIHSS and correlation within site and country. Model omits patients with missing covariate data (Model N = 2814 Pre: 
N = 2734 Post). 
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small amount of missing data for some patient demographic 
characteristics (⩽3%) and a larger amount for some clini-
cal characteristics (pre-morbid mRS (8.3%); NIHSS 
(16%)). However, sensitivity analyses including a missing 
value category for NIHSS in regression models produced 
similar results to the analyses excluded missing values, 
thus missing data were unlikely to have an impact on results 
and conclusions.

The potential of this study to leave a positive legacy is 
substantial. This was the first time many of our collaborat-
ing nurses had participated in such a study, particularly 
notable for countries where nursing autonomy is not high 
and physicians usually determine care protocols.42 Nurses 
can apply their experience and learnings to lead other simi-
lar evidence-implementation studies in the future, provid-
ing an opportunity to work to the top of their scope of 
practice whilst also building capacity in research skill 
development. One country already has adopted the FeSS 
Protocols into their National Stroke Guidelines.38 Of inter-
est, since completion of the seminal trial 10 years ago, FeSS 
recommendations have appeared in guidelines in the United 
Kingdom,43 United States of America35 and Europe.44

In line with research and development priorities outlined 
in the 2018–2030 European Stroke Action Plan18 to reduce 
the burden of stroke across Europe, our study fostered 
international collaboration among researchers, hospital 
executives, governments, professional societies and indus-
try in HICs and MICs. This level of collaboration is often 
difficult to achieve, and demonstrates how benefits to 
patients outweigh geopolitical and sociocultural challenges 
and complexities and demands of international health 
research collaborations.45

Finally, the findings from the QASC Europe Study will 
be used to further scale-up the proven FeSS intervention 
internationally (QASC Global) including free access to the 
FeSS data collection tool via RES-Q (contact authors). This 
could be of particular benefit in low-resourced hospitals in 
LMICs with limited access to hyper-acute stroke therapies, 
education and stroke specialists.

Conclusion

This pan-European, multi-site implementation study with 
a nurse-initiated intervention, demonstrated on a large 
scale what can be achieved when healthcare and an indus-
try-initiated healthcare initiative combine dedicated 
resources with collaborative, multidisciplinary relation-
ships and commit to a shared vision of improving stroke 
outcomes. Our study was conducted with the International 
Year of the Nurse (2020) and in direct alignment with the 
World Health Organisation’s ‘Nursing Now’46 campaign 
goal to raise the status and profile of nurses.. This interna-
tional knowledge implementation and scale-up study tar-
geted one of the largest occupational groups in the global 

health workforce to implement the evidence-based nurse-
initiated FeSS Protocols. Undertaken in countries with 
vast differences in access to the latest stroke therapies, 
resources and healthcare systems confirms how extensive 
the global reach can be to improve care when nurses are 
empowered to lead.
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