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Thesis Abstract

Background and aims

Time plays a fundamental role in managing acute stroke and transient ischemic
attack (TIA), with the minimisation of prehospital delays critical to the stroke chain
of survival. The COVID-19 pandemic led to worldwide restrictions, resulting in
significant societal changes, including alterations to healthcare access and delivery,
which particularly impacted time-sensitive conditions. Thus, the aim of this thesis
was to investigate the impact of a “shock”, such as the COVID-19 pandemic on
prehospital emergency care for exemplar time-sensitive conditions; stroke and TIA,

with the goal of exploring potential implications for future policy and service delivery.

Methods

This PhD thesis employed a mixed-methods approach, using the multilevel model of
triangulation design. This approach was informed by the “Resilient Health System as
a Conceptual Framework for Strengthening Public Health Disaster Risk
Management”. Five studies were conducted. Firstly, a systematic review and meta-
analysis synthesised existing evidence on the impact of the COVID-19 pandemic on
prehospital care for suspected stroke/TIA and calculated pooled estimates for
ambulance time intervals and call volume during the pandemic. Secondly a quasi-
experimental study using Republic of Ireland National Ambulance Service data
investigated the impact of COVID-19 on ambulance time intervals and emergency

call volume for suspected stroke/TIA using linear regression and autoregressive

36



integrated moving averages. Thirdly, a qualitative study using semi-structured
interviews explored the experiences of stroke/TIA survivors, caregivers, prehospital
and hospital-based practitioners of acute stroke/TIA care during the COVID-19
pandemic in Ireland. Fourthly, a benchmarking study facilitated the comparison of
international terminology and definitions for ambulance times and intervals. This
enabled the final study; an international comparative analysis using a quasi-
experimental before and after design to compare ambulance time intervals and call
volume for suspected stroke/TIA before and during COVID-19, using linear regression
and times series analysis. Stakeholder involvement was included throughout all

studies.

Results

The meta-analysis demonstrated that pre-COVID-19, the mean response interval
was shorter by -1.29 minutes (95% Cl: -2.19 to -0.38), and the mean total prehospital
interval was shorter by -6.42 minutes (95% Cl: -10.60 to -2.25), compared to during
the pandemic. Additionally, there was a higher incidence rate ratio (IRR) of
emergency calls for suspected stroke/TIA per day pre-COVID-19 compared to during
COVID-19 (log IRR = 0.17, 95% Cl: 0.02 to 0.33). In Ireland, during the pandemic
period, the five included ambulance time intervals increased compared to pre-
COVID-19 (all p<0.001). Overall, call volume increased during the COVID-19 period
compared to the pre-COVID-19 period (p<0.001). However, dips in call volume were
observed during the initial wave and wave 4. Qualitative interviews with stroke/TIA
survivors, caregivers and healthcare professionals revealed that the integrity of the
acute stroke/TIA pathway remained intact during the COVID-19 pandemic. However,
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overall patient experience and willingness to seek care for suspected stroke/TIA
were negatively impacted. Significant heterogeneity in terminology and definitions
for ambulance times and intervals were observed in the international benchmarking
study. In the international comparative study, on-scene time increased across all
seven services between 1.05-3.78 minutes (all <0.001) during the COVID-19 period.
Whereas response time interval increased in six of the seven services, ranging from
0.5-9.13 minutes (all p<0.001), and decreased in New Zealand by 1.57 minutes
(<0.001). Mean monthly call volume rose across all services during COVID-19,
ranging from 1.9-9 minutes, apart from the Netherlands, which saw no change

(p=0.4).

Conclusion

This thesis used a multistakeholder mixed methods approach to investigate the
resilience of the acute stroke/TIA pathway during a public health crisis, highlighting
prehospital delays and potential care avoidance by stroke/TIA survivors. It calls for
stakeholder collaboration to optimise the stroke chain of survival and further studies

on the pandemic's long-term impacts on stroke/TIA care.
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Chapter 1: Background
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1.1 Overview

This chapter critically analyses how the management of time-sensitive conditions
like acute stroke and transient ischaemic attack (TIA) serve as a key gauge for

assessing the COVID-19 pandemic's impact on healthcare access and delivery.

Firstly, stroke and TIA are time-sensitive conditions that require rapid response and
treatment within a defined timeframe to prevent mortality and morbidity®3.
Secondly, prehospital emergency care is typically the entry point to this time-
dependent acute stroke/TIA pathway®“. Activation of this pathway, involving
multiple stakeholders, facilitates rapid access to therapies for stroke/TIA>®. Thirdly,
the COVID-19 pandemic was an unprecedented public health crisis, posing a
significant challenge to the healthcare system’. Early reports indicate that the
pandemic disrupted the acute stroke/TIA pathway, resulting in treatment delays and
reconfiguration of acute stroke/TIA services®1°. A key change in healthcare seeking

behaviour, termed healthcare avoidance was observed during the pandemic?.

However, the few existing quantitative prehospital studies report that the extent
and magnitude of these delays seem to vary internationally’®1?, Additionally,
currently available studies differ in the specific COVID-19 periods they investigate,
with most focusing on the early waves of the pandemic®®. Studies conducted over
multiple pandemic waves would allow for the tracking of patterns in prehospital

stroke access and delivery.
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Thus, to investigate the resilience of the healthcare system to the “shock” a COVID-
19 detailed mixed-methods analysis is required, focusing on the healthcare system

response and stroke/TIA survivor interaction with the system.
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1.2 Stroke and Transient Ischaemic Attacks (TIAs): Exemplar

Time-sensitive conditions

1.2.1 Stroke and TIA - description and definitions

The concept and clinical significance of strokes and TIAs are internationally
recognised. However, there is some discourse in the literature around their
definitions, with evolving definitions being proposed by international bodies and
working groups on cerebrovascular disease!*. A stroke can be defined as “an acute
neurological deficit lasting more than 24 hours and caused by cerebrovascular
aetiology” Y. Stroke is categorised as ischaemic and haemorrhagic (intracerebral
haemorrhage and subarachnoid haemorrhage)®™'’. Typically, ischaemic stroke
represents 87% of all strokes, with intracerebral haemorrhages accounting for 10%
and subarachnoid haemorrhage for 3%!>%’. The definition of a TIA has undergone a
similar evolution >, from originally being purely time-based to now also being
tissue-based**. Thus, a TIA can be defined as “a brief episode of neurologic
dysfunction caused by focal brain or retinal ischemia, with clinical symptoms typically
lasting less than one hour, and without evidence of acute infarction®. TIA is a well-
documented indicator of future ischemic stroke, with risk estimates in the range of
7.5-17.3%2°21, Studies have indicated that a significant portion of individuals who

experienced an initial stroke had previous TIA symptoms?2.
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1.2.2 Global epidemiology of stroke and TIA

Stroke continues to be the second leading cause of death globally?. It is also the
third leading cause of death and disability combined worldwide (represented by
DALYs)?324, The most recently published Global Burden of Disease (GBD) study (2019)
revealed that the global incidence of stroke was 12-2 million (95% uncertainty
interval 11-0-13-6), with a prevalence of 101 million (93-2-111) cases?3. Furthermore,
at that time there were 143 million (133-153) DALYs attributed to stroke and 6-55
million (6-00-7-02) stroke-related deaths?® globally. In the Republic of Ireland stroke
is the leading cause of acquired adult neurological disability and third leading cause
of death?. From 2013 to 2022, stroke admissions in the Republic of Ireland increased
from 4,727 to 5,961 annually®>%%, as per the Irish National Audit of Stroke (INAS). A
7.1% increase in stroke cases was observed from 2020 to 2021, with a 3% increase in

case numbers from 2021 to 2022 2526,

Unlike stroke, TIA is not included in the GBD study?® or the INAS. Estimating the
incidence of TIAs in a population is challenging due to the presence of disorders that
mimic its symptoms®®. Furthermore, its transient nature and the absence of
standardised population level surveillance systems challenge the reporting of TIA
incidence and prevalence®®. However, Degan et al. (2017) estimates that annual TIA
crude incidence rates in Western countries range between 29.0 and 61.0 cases per
100,000%’. Among adults in the United States of America (USA) the estimated overall
prevalence of TIA is 2%*>. The North Dublin population stroke study provides one

available Irish estimate of a crude incidence rate of TIA to be 0.45/1000 person-
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years?®. However, this study is more than 10 years old?, thus emphasising the limited

availability of TIA epidemiological data.

1.2.3 Importance of time in stroke/TIA care

Stroke constitutes a medical emergency necessitating prompt evaluation,
confirmation of diagnosis, and treatment to prevent brain damage?®. Thus, time
plays a pivotal role in acute stroke/TIA care®. Acute stroke care is undeniably time-
sensitive; every minute counts throughout the stroke chain of survival®®l.
Recognition of stroke symptoms and prompt administration of evidence-based acute
interventions have demonstrated notable enhancements in stroke/TIA outcomes®*
34, These interventions include thrombolysis and endovascular thrombectomy (EVT)
for ischaemic strokes®?34. The goal in this context is acute reperfusion®34. Whilst
prompt blood pressure regulation is the key treatment for haemorrhagic strokes®*
34, For this stroke subtype therapies aim to mitigate hematoma expansion334,
Finally, management in specialised stroke units is considered gold standard for stroke
types®134. These interventions are time dependent®. Thus, rapid access to specialised
care within hospital settings is required®. Therefore, minimising the time from

symptom onset to treatment reduces the risk of rapid and irreversible neurological

damage 303>,

1.3 The Acute Stroke Care Pathway

Recognising the importance of “the time from symptom onset” to “treatment” in
determining overall outcomes, efforts have naturally expanded beyond hospital

treatment times>®%L. Internationally, health care systems increasingly focus on
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developing comprehensive systems of care that involve the public, collaboration
with Emergency Medical Services (EMS), and partnership with referral hospitals®.
These pathways have the shared goal of minimising prehospital time intervals and
enhancing the efficiency of the entire healthcare system>%3!. The stroke chain of

survival is an internationally adopted method of conceptualising this pathway®.

1.3.1 The Stroke Chain of Survival

The stroke chain of survival outlines the essential stages in emergency stroke care,
from recognising symptoms to arriving at the hospital®. It can be described using the
8Ds; detection, dispatch, delivery, door, data, decision, drug and disposition (Figure
1.1). The stroke chain of survival involves the participation of bystanders,
dispatchers, prehospital care practitioners, and hospital-based stroke teams to
enhance acute stroke care’. Prehospital care practitioners are involved in steps one
to four of this pathway’. Whereas hospital-based practitioners are involved from

stages five to eight .

The 8Ds of the stroke chain of survival®® can be described as:

1. Detection - Identifying stroke symptoms marks a crucial initial stage in the stroke

survival process.

2. Dispatch - The initial encounter between laypersons and medical personnel during

an emergency call.

3. Deliver - Review by prehospital practitioner, selection of appropriate receiving

facility and transport to the hospital.
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4. Door - Handover from prehospital to hospital-based care.

5. Data - Utilisation of prehospital and hospital data to inform next steps.

6. Decision - Multidisciplinary stroke team make a clinical assessment on treatment

plan.

7. Drug - Based on the above links of the chain of survival a decision will be made on

whether thrombolysis is a viable and appropriate option.

8. Disposition - Discharge from hospital-based care to the out-patient rehabilitation

phase.
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1.3.2 Prehospital care - definition and global landscape

Nuance and variation exist in the exact terminology and definition of prehospital
care globally®®%”. However prehospital care can be broadly defined as “emergency
medical care given to patients before arrival at hospital after activation of the EMS”
37, Prehospital care typically involves the delivery of medical assistance by
emergency medical service providers, including emergency medical dispatchers,
emergency medical responders, emergency medical technicians, and paramedics®.
Most ambulance services globally are equipped with highly specialised and trained

emergency medical paramedics or nurses®®%?. Nevertheless, physician-based EMS

systems are prevalent in many European countries®®%°.

1.3.3 Prehospital care in Ireland

The National Ambulance Service (NAS) is the statutory provider of prehospital
emergency care in the Republic of Ireland*>#!, With a network encompassing over
102 ambulance stations throughout the country, NAS handles more than 300,000
calls each year®®#', The National Emergency Operations Centre (NEOC) is responsible
for managing the call-taking and dispatch operations of the NAS*2. Within the Dublin
metropolitan area (Ireland’s capital city) prehospital services are provided by both
the NAS and the Dublin Fire Brigade*®*!. At a community level, NAS is supported by
a network of 140 community first responder (CFR) programmes?*®4!, CFRs are trained
members of the community who respond to medical emergencies such as stroke and
cardiac arrest®*1, In contexts such as these, CFRs can provide immediate life-saving

care to the patient while awaiting the arrival of an emergency response vehicle*®4!,



1.3.4 Ambulance times/intervals as global prehospital key performance

indicators (KPIs)

Ambulance times and time intervals are globally acknowledged Key Performance
Indicators (KPIs) for prehospital care*344. Although widely and commonly used these
time-based metrics have been criticised for not offering insight into the quality of
prehospital care or patient outcomes*. However, Ulstein recommendations, among
others continue to advocate for adherence to these KPIs in the context of acute
stroke care®*** Furthermore these indicators are considered particularly important
for time-critical conditions, such as stroke/TIA**%4. An ambulance “time” is “a specific
event within the EMS response”, such as at scene time*. Whereas an ambulance
time “interval” is “the temporal distance between two times”, such as response time
interval®. These indicators measure the time between different stages of the patient

journey#>4¢,

1.3.5 Ambulance times/intervals in the Republic of Ireland

In an Irish setting, prehospital care KPIs are established by the Health Information
and Quality Authority (HIQA)“3. In the NAS all ambulance time intervals are measured
from T5 time (“time which the dispatch code is established”)*?, apart from on-scene
and conveyance intervals. The dispatch code is generated during the initial triage of
the call, relying on responses provided to specific questions by the call-taker?’. This
process is facilitated by triaging software known as the Advanced Medical Priority
Dispatch System (AMPDS)#’. AMPDS offers a scripted caller interrogation protocol to

prioritize calls and allocate EMS resources to incidents through the linked ProQA
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(Priority Dispatch Corp., ProQAv) software system*’*®. Seven ambulance
times/intervals are measured in Ireland*®*3, Five of these are included in this project.

Table 1.1 displays the ambulance times/intervals measured by the Irish NAS*.
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Table 1.1 - Ambulance times and intervals reported by the Republic of Ireland’s National Ambulance Service*

Allocation
Performance

(Allocation Time
minus T5 Time)

Mobilisation
Performance

(Mobile Time minus
T5 Time)

Activation Time

(Mobile Time
minus T5 Time)

Despatch Code
Established

The time the Despatch Code is established from PROQA (T5)

Response Time

Resource
Allocation Time

The time a resource™* has been allocated to an incident on the CAD.

(Resource at
Scene Time
minus T5 Time)

*Resource: prehospital practitioner who attends the patient

On Scene Time

(Resource Left
Scene Time
minus Resource
at Scene Time)

Resource
Mobile Time

The time the resource goes mobile on the incident, either through radio selective
call (selcall)** by the crew, voice or Automatic Vehicle Location (AVL) update.

Resource At
Scene Time

The time the resource arrives at the scene of the incident. This is captured by a
selcall 'At Scene' from the crew, by voice or by AVL update.

Resource Left
Scene Time

The time the responding crew have completed treatment, have the patient on
board and are about to leave the scene for hospital. Given through Selcall 'Left
Scene', by voice or AVL update.

Resource At
Hospital Time

The time the resource arrives at the hospital. Given via Selcall 'At Hospital', by voice
or AVL update.

Duration at
Hospital

Patient
Handover Time

The time the paramedic hands the patient over to the receiving ED staff member
and the PCR signed off. Time from Ambulance Arrival Screen in ED.

(Clear time
minus At
Hospital Time)

Resource Clear

The time the crew have completed cleanup and replenishment of supplies and are
ready for the next call or where they were stood down without completing the call
and are in a position to respond to the next call. Give via Selcall ‘Clear’ or by voice.

**Selcall: a radio signaling protocol in use in Europe, Asia, Australia and New Zealand




1.3.6 Emergency call volume as a global prehospital KPI

Emergency call volume is an indicator of the demand for prehospital care
services®”#7°0 A medical emergency call serves as a citizen’s entry point to accessing
prehospital emergency care services, and ambulance services more generally.
Emergency medical dispatchers stationed at the emergency medical dispatch centres
(EMDC) manage and prioritise these calls*’. These can also be known as the “control
centre”¥. These dispatchers rely on information provided by the callers to allocate
the available prehospital resources efficiently?’. They also offer guidance in first aid
and/or resuscitation over the phone, assisting callers until the ambulance services

arrive®.

The increasing volume of calls received by ambulance services, is becoming a growing
concern within healthcare systems worldwide°. The operational strain on healthcare
systems, especially on emergency services, has escalated to unprecedented levels°.
Like other healthcare services, capacity and demand are two challenging and
competing components within prehospital care®’ 4, It can be challenging to align
needs with the appropriate resources®. Subsequently, integrating care across the
patient pathway is essential. This includes pre-alerting and expediting early
meaningful interventions in the emergency department, operating theatres, and

other relevant areas, which is crucial for optimising patient survival®’.



1.3.7 Emergency call volume as a prehospital KPI in the Republic of
Ireland

In the Republic of Ireland, citizens access emergency medical services by calling 112
or 999°1. The Emergency Call Answering Services (ECAS) acts as an essential
connection between the caller and the emergency services®2. The ECAS determines
the specific emergency service required by the call e.g. an ambulance?. They also
ascertain the caller’s location to route the call to the most suitable centre of that
Emergency Service®2. Subsequently, the call or text is transferred to the respective
Emergency Service, which assumes responsibility for the call and initiates the
appropriate response >2. ECAS operators remain engaged, monitoring the call until it

is acknowledged by the Emergency Service>2.

1.3.8 Prehospital stroke/TIA care

Prehospital care practitioners play a key role in acute stroke/TIA care>®3l. The
prehospital phase of care constitutes the first half of the stroke chain of survival®
(figure 1.1). Whilst on scene prehospital care practitioners are involved in five
treatment and assessment processes; 1) EMS stroke identification; 2) stroke severity
assessment; 3) destination hospital determination; 4) treatment in transit and 5) co-

ordination of pre-arrival hospital care®.

Ambulance time intervals are pertinent in prehospital stroke/transient ischemic
attack care®. This is due to the essential role of EMS in promptly transferring patients
to specialised secondary care providers>3°*. As treatment approaches for stroke/TIA

rely on timely intervention, minimising delays during the prehospital phase of care is
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critical>>354, The internationally recognised Ulstein recommendations for emergency
stroke care outline four key time interval targets on the patient journey®. Firstly, that
call handling from the ambulance control centre should take <1minute®. Secondly
that the time the ambulance crew spend on scene should be eight minutes, with
transportation time to hospital of fifteen minutes®. Finally, once the ambulance
arrives at hospital, door to treatment time should be no more than 45 minutes®.

1.3.9 Acute stroke and TIA policy and guidelines in the Republic of
Ireland

In Ireland, ongoing efforts to improve stroke care along the stroke chain of survival
have been evident in recent years. According to the Irish National Stroke Strategy
2022-2027 “outcomes and recovery from stroke are greatly improved by organised
pathways of acute stroke care which includes prehospital, hospital and inter-hospital
pathways”>>. To steer the development of the revised National Stroke Strategy (NSS),
four core pillars of stroke care in Ireland were established®. These are: 1) stroke
prevention; 2) acute care and cure; 3) rehabilitation and restoration to living; 4)

education and research®>.

In 2023 the National Clinical Guideline for Stroke for the United Kingdom (UK) and
Ireland were the first stroke clinical guidelines published in Ireland 3*. This guidance
offers authoritative, evidence-based practice recommendations aimed at enhancing
the quality of care provided to all adults who experience a stroke in the UK and
Ireland®*. This guidance is designed to be applicable irrespective of factors such as

age, gender, type of stroke, location, or any other characteristic®*.
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The National Stroke Strategy and National Clinical Stroke guidelines highlight a TIA
as a critical potential warning sign for an impending ischemic stroke >335, The
highest risk occurs within the first 48 hours following the TIAY. In Ireland, like the
majority of other European countries, national stroke guidelines address the
management of TIAs®*>>>7, However, some countries rely on local guidelines for TIA
management, such as Croatia, Greece, and Slovakia®’. Accurately distinguishing TIA
from other conditions that mimic its symptoms is crucial>¢%’. Urgent evaluation of
TIA is essential, involving imaging and laboratory studies to mitigate the risk of
subsequent strokes'>%¢. Risk stratification for future TIAs or ischemic strokes can be
achieved through a structured clinical assessment>?%. Immediate initiation of
evidence-based therapeutic interventions is imperative to optimise patient

outcomes®%¢,

1.3.10 Hospital-based stroke care in the Republic of Ireland

In 2022 the Republic of Ireland had a total of 86 hospitals, 67 of which were publicly
funded hospitals®8. Of these 86 hospitals, 44 were general hospitals®. Irish hospitals
are generally classified into model one to four, according to the range and complexity
of services offered>’. For stroke, whether a hospital is model one to four is dependent
on whether certain services are available. e.g. thrombolysis or rehabilitation units>’

(table 1.2). Therefore, not all Irish hospitals are acute stroke receiving hospitals>>.
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Table 1.2 - Definition of hospital models in the Republic of Ireland, in the context of stroke/TIA and ambulance service provision>’

Hospital Model

Ambulance services

Stroke services

Model 2R: Remote
rural hospital

ambulance services will collaborate to establish
protocols for the transfer of patients by
ambulance to and between hospitals.

Model 1 General practitioners, hospital staff, and The hospital might feature an onsite stroke
ambulance services will establish protocols for rehabilitation unit.
the transfer of patients by ambulance to and
between hospitals.

Model 2 General practitioners, hospital staff, and Stroke rehabilitation services will be offered.

ambulance services will collaborate to establish
protocols for ambulance transfers to and
between hospitals.

Model 3 General practitioners, hospital staff, and ¢ An acute stroke unit may be available onsite,
ambulance services will collaborate to establish offering thrombolysis, rehabilitation, and
protocols for ambulance transfers to and maintaining a stroke register.
between hospitals. e Additionally, a rapid access service for TIAs and

stroke prevention clinics will be offered.

Model 4 General practitioners, hospital staff, and e Onsite, there will be both acute and rehabilitation

stroke units.

These will provide:

Thrombolysis services

A rapid access service for TIAs

Stroke prevention clinics

An early supported discharge service

A stroke register

Vascular surgery facilities

Triage protocols for neurosurgical services

o O O O O O O

Advanced stroke imaging, including magnetic
resonance imaging (MRI)




The INAS is a clinically led audit, which evaluates the standard of stroke care and the
organisation of stroke services in hospitals that admit acute stroke patients in the
Republic of Ireland?>%¢. The 2022 INAS report includes 21 acute strokes receiving
hospitals?®. However, this is an underrepresentation, as the audit only includes
hospitals meeting defined criteria. Firstly, the audit only covers patients diagnosed
with stroke admitted to public hospitals offering acute stroke services to over 25
patients annually. Secondly, hospitals must achieve at least 80% data coverage to be
included in hospital-level reporting. If they don’t meet this threshold, they are
excluded from such reporting but still included in national statistics presented in the
INAS reports. Of the 21 acute stroke receiving hospitals in the most recent INAS

report, two are EVT stroke centres providing 24/7 treatment?%>>,

INAS collects data on seven key quality indicators relating to hospital-based stroke
care in the Republic of Ireland 2>2¢. With the implementation of the national stroke
policies mentioned above, there have been improvements in the proportion of
stroke survivors reaching the hospital within 3 hours of symptom onset from 2013-
2022%>%, Additionally, there have been notable increases in timely brain imaging
over the same period?>?, Despite this, thrombolysis rates have significantly declined

from 2013 to 20222526,



1.4 The COVID-19 Pandemic - A “Shock” to the Healthcare

System

The COVID-19 pandemic increased pressures on the healthcare system, placing a
strain on this acute stroke/TIA pathway!®!1%°, However it is acknowledged that
achieving the balance between public health safety and patient-centred care was

challenging during the first pandemic in the last one hundred years.

1.4.1 The COVID-19 pandemic - global timeline

On March 11th, 2020, the World Health Organisation (WHO) declared COVID-19 a
pandemic®’. Globally, countries began to adapt various strategies for responding to
COVID-19%2%3, Broadly speaking pandemic strategies can be categorised into five
potential strategies®?®®. These include: exclusion; elimination; suppression;

mitigation; and no substantive strategy®? (table 1.3).
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Table 1.3 - Types of COVID-19 pandemic response strategies adopted internationally®?

Strategy Description Examples of countries which adopted this strategy
Exclusion Maximum actions to exclude disease Some Pacific Island countries and territories
Elimination Maximum action to exclude disease and eliminate | Mainland China, Taiwan and New Zealand

community transmission

Suppression

Action increased in stepwise and targeted manner

to substantially lower-case numbers and outbreaks

Most European countries and North America

Mitigation

Action takes to “flatten the peak/curve” to avoid
overwhelming health services and protect the

most vulnerable

Sweden (initially)

No substantive

strategy

Largely uncontrolled pandemic wave

Some lower income countries
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As part of these approaches, a suite of non-pharmacological interventions (NPIs) was
introduced, which varied greatly internationally®3. NPIs encompass a broad spectrum
of measures, including both top-down (governmental) and bottom-up (self-initiated)
actions, designed to disrupt infection transmission by modifying critical aspects of
human behaviour®. Examples of NPIs include travel bans, curfews, social distancing,
restrictions on social gatherings, mask mandates, improved hygiene practices,

remote work arrangements, school closures, and lockdowns®®.

In terms of pharmacological measures, the first COVID-19 vaccine was administered
globally outside of a clinical trial setting on 8" December 2020%*. By 8" December
2021, it was estimated that 55.9% of the global population had received at least one
dose of a COVID-19 vaccine, 45.5% had received two doses, and 4.3% had received
a booster dose®*%>. Despite the remarkable speed at which COVID-19 vaccines were
developed and distributed during 2020 and 2021, more than 3.5 million deaths
attributable to COVID-19 have been reported globally since the first vaccine was
administered®*%>. The COVID-19 pandemic officially ended on May 5th 2023 when
the WHO declared that the crisis no longer met the criteria to be classified as a public

health emergency of international concern®®.

1.4.2 The COVID-19 pandemic - The Republic of Ireland’s timeline

The Republic of Ireland recorded its first confirmed case of COVID-19 on 29t
February 2020%. Subsequently, the country faced five waves of the virus, with the
initial wave commencing on 1%t March 2020, and the fifth on 19" December 2021%8.

Ireland was one of the few countries internationally that experienced five waves of



COVID-19%°. In response to the escalating situation, the Irish government
implemented a series of non-pharmacological interventions throughout March 2020
to curb the spread of the virus’®’1. This led to the enforcement of the first lockdown
on March 27th, 20207%71, A phased reopening plan, consisting of five stages, was

announced by the Taoiseach (Prime Minister) on 15t May 20207%.

The COVID-19 vaccination programme commenced in Ireland on 29" December
202072. The Republic of Ireland's vaccination rollout has received acclaim as one of
the most successful globally’®. It ranks number one in the European Union (EU) for
the percentage of its adult population fully vaccinated 73. Additionally, it was also
ranked at the top within the EU for the number of booster vaccines administered’*.
Nearly two years later, on 28t February 2022, the government lifted most COVID-19
restrictions’®. The mandate requiring masks in healthcare settings, one of the last
remaining COVID-19 public health measures, was removed on April 19th, 20237

Figure 1.2 summarises key events in the Republic of Ireland’s COVID-19 timeline.
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Fig. 1.2 - Key events in the Republic of Ireland’s COVID-19 timeline



1.4.3 - Resilient healthcare systems during COVID-19

The COVID-19 pandemic is widely recognised as a significant shock to the healthcare
system”7781, |t placed heightened strain on health system operations, public health
efforts, and society overall””’8, Furthermore, the pandemic led to delays in essential
and urgent non COVID-19 care”’”8! including that for stroke/TIA'®!2, Thus COVID-

19 has been considered as a test of the resilience of healthcare systems”77-81,

Resilience implies more than just the ability to bounce back swiftly following a
shock”7782_ This is particularly true in the case of a health system capable of learning
from experiences””7-82, |deally, it should not only recover but also evolve beyond its
original state, especially if that state could be enhanced’’782, Consequently, a health
system should not merely react but also engage in reflection and action, both during
and after a shock, like COVID-1977782, This facilitates preparedness for future shocks
and ideally enhances the pre-shock condition of the healthcare system 77782, Thus
COVID-19 allows for reflection on three phases of a health system's response:
absorption of a shock, adaptation to it, and transformation to fortify the health
system”7782, Viewed in this light, resilience emerges as a dynamic characteristic of a
health system that evolves over time, sometimes rapidly, rather than remaining in a

static state””7-8,

Despite being the most extensively studied global shock to date, it is challenging, if
not impossible, to determine with certainty which health systems exhibited the
highest resilience to COVID-19777-82, Currently, the exact mechanisms which confer

system resilience during the COVID-19 pandemic are unclear. The answer may evolve



over time”77%2, The resilience of a health system is also shaped by decisions made
external to it””782 However, a focus on service delivery for time-sensitive conditions
offers a valuable starting point by examining how health systems managed to absorb,

adapt, transform, and learn during the COVID-19 pandemic” 7782,

1.4.4 Impact of COVID-19 on acute stroke and TIA care - globally

This heightened focus on the resilience of healthcare came as the healthcare system
faced significant disruptions due to the COVID-19 pandemic®. A system shock of this
nature required a rapid health system response, which at times included service
reconfiguration®. Internationally, early evidence suggested reduced and delayed
presentations of stroke/TIA, along with increases in stroke-related morbidity and
mortality®'8>. The implications on acute stroke care have been described in both the
context of changes in healthcare seeking behaviour of stroke/TIA survivors and
healthcare delivery®¢28, The WSO reported wide-ranging effects on stroke services,

along with an initial sharp decline in stroke case presentations 8%,

Many countries needed to substantially restructure their stroke services and noted
a marked decrease in less severe strokes %%, An international study investigating
the impact of the pandemic on rapid TIA pathways across seven countries found that
six of the eighteen clinics continued to deliver in-person assessments during early
COVID-197%. In contrast, the remaining clinics operated exclusively using telehealth??.
The majority of studies in this context are hospital-focused10118692:94 " However
international studies have reported prolonged ambulance time intervals for

suspected stroke/TIA during COVID-19%?°, However, one Spanish study found that



“time spent on-scene” was the only interval that increased during COVID-19%.
Whereas a Polish study reported an increase in all time intervals from “call to hospital
arrival” during the pandemic®. A further study, conducted in Thailand, had similar

results, however reported no change for the time from “scene to hospital arrival”.

In the Republic of Ireland emergency admissions for stroke and TIA reduced in
quarter two to four of 2020 (411 fewer episodes of admission, -12.1%) compared to
expected rates based on quarter one of 2020°7%8. However a COVID-19 report by the
INAS found no statistically significant difference in the number of cases admitted
with haemorrhagic stroke (p=0.577, Cl: 18.9-22.2) or ischemic stroke (p=0.315, Cl:
86.5-94.4) between the pre-COVID-19 period (March-May 2018 and 2019) and the

COVID-19 period (March-May 2020)%°.

Thus, current literature mainly focuses on hospital-based stroke care during the
COVID-19 pandemic, rather than prehospital care, which is the typical entry point in
the chain of survival. Furthermore, the few prehospital studies available were
conducted during the earliest COVID-19 wave, only evaluating initial impacts on
stroke/TIA. Comparing different COVID-19 waves allows for identifying the impact of
varying restrictions and provides a longer-term evaluation of the pandemic's impact.
Also, as the majority of existing evidence is quantitative in nature, little is known
about the mechanisms or reasons behind observed changes in healthcare system
response and healthcare seeking behaviour for stroke/TIA during the COVID-19

pandemic.



1.5 Summary

The stroke chain of survival is centred on the principle that "time is brain,"
emphasising the critical importance of timely intervention for stroke and TIA>¢3%,
The COVID-19 pandemic, a global public health crisis, demanded a rapid and
immediate response from healthcare systems’”’-82, Maintaining the stroke chain of
survival amidst these challenging circumstances served as a true test of healthcare

system resilience®’7-81,

Despite prehospital care being the common entry point to the chain of survival, most
research prior to this thesis has focused on single-centre, hospital-based studies’ %4,
As a result, the global impact of the COVID-19 pandemic on prehospital emergency
care for stroke and TIA remains largely unknown. Additionally, existing research
primarily addresses the early periods of COVID-19, lacking the ability to determine
the pandemic's continued impact. No studies have been conducted in Ireland on this
topic. The Republic of Ireland, having been one of few countries to experience five
waves of COVID-19%?, is an ideal case study to examine the longer-term impacts of
this "shock" on time-sensitive conditions. Finally, current literature is predominantly
quantitative and lacks detailed insights into potential changes in healthcare system
response and stroke/TIA survivor interaction with the healthcare system in this

context.

This PhD aims to address this gap by focusing on the prehospital phase of acute
stroke/TIA care over two years of the pandemic, employing a mixed-methods

approach. It considers both the healthcare system response and potential changes



in healthcare-seeking behaviour. By investigating the pandemic's effects across the
entire stroke chain of survival, this thesis seeks to identify delays, improvements,
and opportunities at each stage of the chain of survival. The multi-level mixed-
methods approach enables the triangulation of findings, allowing for a deeper
exploration of the meaning and potential reasons behind any changes observed in

healthcare provision and utilisation for these time-sensitive emergencies.
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Chapter 2: Introduction and Thesis Overview
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2.1 Introduction

The COVID-19 pandemic was a “shock” to the healthcare system?®3. It placed
increased pressure on health system operations, delaying necessary and urgent non-
COVID-19 care®. The management of time-sensitive conditions like acute stroke
and transient ischaemic attack (TIA) provides a key gauge for assessing the COVID-
19 pandemic's impact on healthcare system response and service user interaction
with the system. Stroke is the second leading cause of death globally and the third
leading cause of death and disability combined worldwide, represented by disability-
adjusted life years (DALYs)*>. In the Republic of Ireland, stroke is the primary cause

of acquired adult neurological disability®.

Given the time-sensitive nature of stroke/TIA intervention, it is crucial for stroke/TIA
survivors to promptly seek medical attention after symptoms develop”®. Prehospital
stroke management aims to reduce the time to diagnosis and treatment by adhering
to the stroke chain of survival®!!. Prehospital care can be broadly defined as
emergency medical care given to patients before arrival at hospital after activation
of the Emergency Medical Services (EMS)*2. Prehospital care is frequently a stroke
survivor’s first point of contact with the stroke chain of survival**°. The stroke chain
of survival defines the key steps in emergency stroke care from symptom recognition
to hospital arrival’l. This involves the "8Ds": detection, dispatch, delivery, door,
data, decision, drug/device, and disposition'*3, Prehospital practitioners are
involved in the initial four steps of this chain of survival'>'3%, Treatments for

ischemic stroke, including thrombolysis, and blood pressure management for
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haemorrhagic stroke require timely administration?’. Therefore, minimising the
interval between symptom onset and treatment helps to prevent rapid and

irreversible neurological damage®?’.

The World Health Organisation (WHO) declared COVID-19 as a pandemic on 11t
March 2020, Due to their time-critical nature stroke and TIA could be viewed as
especially susceptible to pressures on healthcare system delivery or shifts in patients'
healthcare-seeking behaviours. The implications of this “shock” on acute stroke/TIA
care have been described in both the context of changes in healthcare seeking
behaviour of stroke/TIA survivors and healthcare delivery?®?, The World Stroke
Organization (WSO) reported an initial sharp decline in the presentation of
stroke/TIA cases, accompanied by a widespread impact on stroke services!??. In the
Republic of Ireland the behavioural response of non or late attendance with
stroke/TIA in the first wave of the COVID-19 was unexpected by healthcare
professionals in the area of stroke?. Globally, prehospital delays have been reported
for stroke/TIA patients during the COVID-19 pandemic which can impact on later

stages of the acute stroke/TIA pathway??24,

From the above it is clear that the COVID-19 pandemic affected healthcare utilisation
worldwide, especially for acute time-sensitive conditions like stroke and TIAs?>2¢,
However, there was early emergence of varying, dynamic, and conflicting evidence

across countries with different healthcare systems, COVID-19 experiences and acute

stroke/TIA pathways'?.
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2.2 Aim

The overall aim of this thesis was to investigate the impact of a “shock”, such as the
COVID-19 pandemic on prehospital emergency care for exemplar time-sensitive
conditions; stroke and TIA, with the goal of exploring potential implications for future

policy and service delivery.

2.3 Objectives

This aim was addressed by five specific objectives outlined below:

1. to review and synthesise published evidence on the impact of the COVID-19

pandemic on prehospital emergency care for suspected stroke/TIA.

2. to compare ambulance time intervals and emergency call volume for suspected

stroke/TIA in the Republic of Ireland, before and during the COVID-19 pandemic.

3. to explore experiences of stroke/TIA survivors, caregivers, and healthcare
professionals of acute stroke/TIA care in the Republic of Ireland during the COVID-

19 pandemic.

4. to compare terminology and definitions of ambulance times and time intervals
from the ambulance services of a range of countries to facilitate international

benchmarking.

5. to compare ambulance time intervals and emergency call volume for suspected
stroke/TIA across seven international services before and during the COVID-19

pandemic.
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2.4 Stakeholder Involvement

Stakeholder involvement inspired and informed the body of work presented in this

thesis from its early to final stages.

Active involvement in research by stakeholders enables those affected by decisions
to influence the pursuit and conduct of research projects?’. Stakeholders can be
defined as “any potential knowledge user whose primary role is not directly involved
in research”?8. This can include individuals with healthcare conditions, their families,

friends, and caregivers, healthcare professionals, decision-makers, and others?”:28,

In this thesis, stakeholder involvement was included in two forms:

1. Patient and Public Involvement (PPI)

2.Stakeholder involvement from those in prehospital, emergency medicine,

neurology or stroke medicine clinical practice, research, or policy roles

2.4.1 PPI

PPI is defined as “research being carried out ‘with’ or ‘by’ members of the public
rather than ‘to’, ‘about’ or ‘for’ them”?°. Two panels of stroke/TIA survivors and
family caregivers of stroke/TIA survivors were involved in this PhD project. A group
of five stroke survivors; 3 male and 2 female, from the Cork Stroke Support Centre®®
were involved in the systematic review (chapter 3). Secondly, the University College
Cork (UCC) stroke/TIA PPI group was established to ensure this PhD project was

shaped by the lived experience of stroke/TIA throughout all phases of the research.

The UCC group includes 13 members; seven stroke survivors (5 male, 2 female); 2
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TIA survivors (1 male, 1 female) and four family caregivers (3 female, 1 male). This
group were involved from research question development to dissemination across

the remaining four studies (chapters 4-6).

Both panels were involved in all stages of the research cycle, from the point of
refining the PhD research question to dissemination for their respective studies. The
PPI contributors advised that raising the alarm and transport to hospital were key
milestones in their stroke/TIA journeys. Thus, the PPl panels believed the focus of
the PhD should be on ambulance care for stroke/TIA survivors during the COVID-19

pandemic.

Figure 2.1 below illustrates the key turning points influenced by PPI in this doctoral
research332, These turning points describe three key areas within the thesis where
PPl had the greatest impact. This infographic was co-designed with the UCC

stroke/TIA PPI panel.
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stroke/TIA journey depicting the influence of PPI on this PhD research
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The inclusion of PPl in each study is described in Chapter 3-6 using the Guidance for

Reporting Involvement of Patients and the Public (GRIPP 2) checklist (short version)®.

2.4.2 Stakeholder involvement from those in clinical practice, research,

and policymaking

Numerous national and international stakeholders from prehospital care, emergency
medicine, neurology, and stroke medicine were engaged in this project from its
inception. These partners were involved in research question development,
identification of outcomes, recruitment of participants, interpretation of findings

and dissemination of results.

During this PhD project, the PhD candidate, Edel Burton founded two international
consortia of relevant stakeholders. One was specifically related to the terminology
benchmarking and international comparative study (chapter 6); Prehospital Care of
Stroke (Phocas) Consortium. The second consortium was established to continue
work on harmonising international emergency care time interval terminology after
this PhD; International Standardisation of Emergency Care Time/Interval

Terminology (InterSECTT) Consortium.

A full list of stakeholders is included in the acknowledgment section of this thesis.

Outputs related to stakeholder involvement in this PhD project are included in

Appendix 2.1.
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2.5 Multi-level Mixed Methods Research Design

The multi-level mixed methods design is commonly adapted in studies investigating
dynamic multilevel systems such as public health crises®*. However constant
discourse and conflicting interpretations remain in the literature regarding the
definition, conceptualisation and implementation of this approach®*. Thus in 2020,
Headley and Plano Clark proposed a refined definition taking previous definitions

and approaches into account®*.
This updated definition defines a multilevel mixed methods research design as

“Driven by a multilevel theory about a system for the purpose of better understanding
three characteristics of that system; the holistic structure of the system, the individual
components (levels) that emerge from, give rise to or evolve in tandem with the
structure; and the process (mechanisms) at work between the components and the
structure.......” A multilevel mixed methods research design incorporates both
quantitative and qualitative data and analytical tools to generate meta-inferences
about one or more aspect of a multi-level phenomenon - system-levels - mechanisms
- that transcend what could be inferred from a traditionally qualitative or

traditionally quantitative approach alone” 3.

Headley and Plano Clark propose six defining features of a multilevel mixed methods

research design® (table 2.1).
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Table 2.1 - Features of a multilevel mixed methods research design*

Design Feature

Specification

1. Theoretical grounding

Incorporates a theory about a multilevel system with assumptions about the system as a whole
(structure), the components of the system (levels), and processes that contribute to the maintenance

or evolution of the system (mechanisms)

2. Mixed methods research design

Includes at least two strands of inquiry (qualitative and quantitative), each of which investigates
structure, level(s), and/or mechanism(s)
Integrates the strands to generate meta-inferences that expand upon the inferences drawn from the

strand analyses alone

3. Sampling strategy

Involves more than one level of the system

4. Data collection

Generates evidence about more than one level and/or between-level mechanisms

5. Data analysis

Generates within- or between-level inferences for each strand

Generates findings sufficient to support across-level meta-inferences during integration

6. Integration

Supports across-level meta-inferences about more than one aspect of the system:
1. Characteristics of structure
2. Characteristics of levels

3. Nature of between-level mechanisms
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This PhD thesis tested the resilience of the healthcare system to a “shock”? like a
pandemic, using time-sensitive conditions stroke and TIA as exemplars. In this
context, it evaluated the health system response and also the interaction of service
users (stroke/TIA survivors, and caregivers) with the healthcare system. Thus, the
structure here was the healthcare system. The levels were (1) regional healthcare
systems - one region within Ireland (chapter 5); (2) national healthcare system -
nationwide coverage from the Republic of Ireland (chapter 4); and (3) international
healthcare systems - ambulance services from seven countries (chapter 6). The
mechanisms were factors which influenced ambulance time intervals and call volume

for suspected stroke/TIA during the COVID-19 pandemic.

The six components of the multilevel mixed methods research design table 2.1), as

they apply to this PhD project, are described using subheadings and table 2.2 below.
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Table 2.2 - Application of the six features of a multilevel mixed methods design®* applied to this PhD project

Design feature

Application in this PhD thesis

1. Theoretical grounding

Theory: Resilient Health System as a Conceptual Framework for Strengthening Public Health
Disaster Risk Management®’

Structure: Healthcare system resilience during a public health crisis

Levels:

e Regional: one region in the Republic of Ireland

¢ National: ambulance service covering Republic of Ireland

* |nternational: seven ambulance services from seven countries

2. Mixed methods research design

Mechanisms: Factors affecting ambulance time intervals and call volume for suspected

stroke/TIA

Design: Triangulation design: multilevel model®

Quantitative:

¢ National level (chapter 4): quantifying ambulance time intervals and call volume before
and during the COVID-19 pandemic in the Republic of Ireland

¢ International level (chapter 6): quantifying ambulance time intervals and call volume

32




before and during the COVID-19 pandemic across seven international services

Qualitative:

¢ Regional level (chapter 5): qualitative exploration of multistakeholder experiences of early
stages of acute stroke/TIA care during the COVID-19 pandemic in one region in the
Republic of Ireland

Integrative:

® Across the levels which factors influenced ambulance time intervals and call volume in the
context of healthcare system response and service user interaction with the healthcare

system

3. Sampling strategy

Quantitative:

¢ National level (chapter 4): control centre data from the National Ambulance Service
(Republic of Ireland) of all adult suspected stroke/TIA cases from 2018-2021

¢ |International level (chapter 6): control centre data from seven international ambulance
services of all adult suspected stroke/TIA cases from 2018-2021

Qualitative:

33




e Maximum variation sample®*® of stroke/TIA survivors, caregivers, nurses, doctors and

paramedics from one region within the Republic of Ireland

4. Data collection

e Level 1 - regional (chapter 5): Semi-structured interviews

e Level 2 - national (chapter 4): Secondary data analysis of ambulance control centre
data from the Republic of Ireland

e Level 3 - international (chapter 6): Secondary data analysis of ambulance control

centre data from seven international ambulance services

5. Data analysis

Within-level:

e Level 1 - regional (chapter 5): qualitative reflexive thematic analysis and patient
journey mapping®,4°

e Level 2 - national (chapter 4): quantitative descriptive statistics, linear regression

and interrupted-time series analysis

e Level 3 - international (chapter 6): quantitative descriptive statistics, linear
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regression and time - series analysis

Across - level:

e Systematic review and meta-analysis (chapter 3): meta-analysis of published
evidence on ambulance time intervals and call volume. Comparison across the
three levels.

¢ |nternational benchmarking of ambulance time terminologies and definitions

(chapter 6a): facilitating accurate comparison across the three levels.

6. Integration

Structure: Resilience of the system during COVID-19 in the context of healthcare
system response and service user interaction with the healthcare system
Levels: This allows for deeper insights into healthcare system response and service

user interaction with the healthcare system during the pandemic. The quantitative
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results (chapter 4 and 6) provided the numerical evidence on ambulance times
(healthcare system response) and call volume (service user interaction). Whereas the
qualitative results provided rich insights into potential reasons and mechanisms for
these observations (chapter 5).

Mechanisms: Critical discussion of results across levels in the discussion chapter of
this thesis (chapter 7) to understand how and why healthcare system response and

service user interaction was impacted by the COVID-19 pandemic.
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2.5.1 Theoretical grounding

This PhD investigated the impact of a “shock”?; the COVID-19 pandemic, on
healthcare system delivery for time-sensitive conditions; stroke and TIA. Thus, the
health system focused “Resilient Health System as A Conceptual Framework for
Strengthening Public Health Disaster Risk Management”®® was chosen as the

underpinning conceptual framework (figure 2.2).

Health disaster risk
reduction

o

Health
service
delivery

Leadership/

governance
Resilient
Health Health
Health system o health Hxancleg Health disaster
recovery ; system ’ preparedness

Health Medicines,
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Figure 2.2 - Resilient Health System as A Conceptual Framework for Strengthening

Public Health Disaster Risk Management®?
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This framework is a combination of the World Health Organisation “building blocks”
of the healthcare system framework®#! and the principles of disaster risk
management®>*142, This approach was proposed by a WHO member in response to
public health crises including the Ebola virus disease outbreak in 2014-2015%. The
six building blocks of the healthcare system include: service delivery, health
workforce, health information systems, access to essential medicines, financing, and
leadership/governance*!. Whilst disaster risk management describes the process of
administrative and operational protocols to execute interventions targeted at

mitigating the adverse effects of disaster hazards*?.

This framework theorises a multi-level system, making assumptions about the

structure, levels and mechanisms of the system.

Structure:

This framework proposes that the system consists of the WHO six building blocks,
3541 A resilient health system is one “which is able to effectively prepare for,
withstand the stress of, and respond to the public health consequences of disasters”*.
The framework includes discussion on five key elements of a resilient healthcare

system*3:

1. Recognition of the strengths and weakness of the building blocks of the system

2. Awareness of the exposure of the system to a range of risks and threats

3. Ability to respond to a wide-ranging spectrum of public health concerns before

and during the disaster
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4. Capacity to promptly and successfully adapt to volatile and changeable situations,

using coordinated methods for addressing public health emergencies like disasters

5. Aresilient healthcare system should possess the ability to self-regulate

This PhD focuses on the public health issue of a pandemic to investigate system
responsiveness and consequences of the presence or absence of resilience. With
the overall aim of learning for prehospital stroke and TIA care, in routine or crises

circumstances.

Levels:

The framework proposes that the six building blocks exist at each level of the

healthcare system.

In the context of this PhD project the six building blocks will be investigated at a

regional (chapter 5), national (chapter 4) and international (chapter 6) level.

Of the six building blocks, the meaning of service delivery, health workforce, health
information systems, and access to essential medicines are self-explanatory.
However, the remaining building blocks: leadership/governance and financing may
be operationalised differently in different circumstances. In this PhD project
leadership/governance includes the COVID-19 public health measures introduced
during the pandemic, and the different approaches taken**. Health financing refers
to the different healthcare system structures of the countries in chapter 6 and
COVID-19-related health financing for items such as personal protective equipment

(PPE) and vaccines**.
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Mechanisms:

The framework conceptualises the interaction of levels with the system. In this PhD
these are factors relating to the building blocks which impact on ambulance time

intervals and call volume.

This framework was applied from the conceptualisation stage of this PhD. The
resilience of the healthcare system during the COVID-19 pandemic (structure) was
investigated. This was done on a regional, national, and international basis, to
understand which building blocks of the healthcare system affected system response
(ambulance time intervals) and service user interaction with the system (call volume)
(levels). The goal was to understand the factors influencing ambulance time intervals

and call volumes (mechanisms).

2.5.2 Mixed methods research design

The multilevel model of triangulation design is the mixed methods design applied in
this PhD project®. The triangulation design involves implementing the qualitative
and quantitative phases during the same time period, with both phases having
equal importance in answering the overall research question®. The multilevel

variant of the triangulation design is described and illustrated below.

Within this PhD project qualitative data was collected and analysed at a regional
level (chapter 5). Quantitative data from the pre-COVID-19 and COVID-19 time
periods were collected and analysed on a national (chapter 4) and international level
(chapter 6). The findings from each level of the system were then merged to form

one overall interpretation of the PhD findings. This interpretation was facilitated and
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informed by the results of the quantitative systematic review and meta-analysis
(chapter 3) and qualitative international benchmarking study of ambulance times
terminology and definition (chapter 6a). Figure 2.3 illustrates the triangulation:

multilevel model design used in this PhD project.
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Level 3 (International):
Quantitative (International comparative study - chapter 6)

Data collection, analysis, results
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Level 1 (Regional):

Qualitative (chapter 5)

Data collection, analysis, results

Figure 2.3 - lllustration of the triangulation: multilevel model of mixed methods design used in this PhD project. Adapted from Creswell et. al
2007%



2.5.3 Sampling strategy

Sampling strategies were conducted at a regional (chapter 5), national (chapter 4)
and international level (chapter 6) in this PhD project. Detailed descriptions of these

strategies for each study can be found in its respective chapter.

For the qualitative study (chapter 5), sampling was conducted in one region in the
South of Ireland. This included stroke/TIA receiving hospitals and ambulance stations
in this region. Maximum variation sampling was conducted. Stroke/TIA survivors
who were admitted to any of these hospitals during the COVID-19 pandemic and
their caregivers were eligible for inclusion. Nurses, doctors or paramedics who

worked in this region during the same period were also eligible.

In terms of the quantitative studies (chapter 4 and 6), all adult cases of suspected
stroke/TIA included in the control centre data of the Republic of Ireland National
Ambulance Service (chapter 4) and seven international ambulance services (chapter

6) from 2018-2021 were eligible for inclusion.

2.5.4 Data collection

Different data collection methods were conducted across the different studies.
Details of data collection for each study is included in the respective chapters

(chapter 3-6).

The qualitative study (chapter 5) involved one-on-one and dyadic semi-structured

interviews.
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Whereas the quantitative studies (chapter 4 and 6) were secondary data analyses
where data collection involved submitting data request forms to the relevant

ambulance services.

2.5.5 Data Analysis

Within level data analysis was conducted separately for each study (chapter 3-6).
The results of the systematic review and meta-analysis (chapter 3) and the

international benchmarking study (chapter 6b) facilitated across-level analysis.

2.5.6 Integration

The findings from all five PhD studies (chapter 3-6) were integrated in chapter 7 to
present a critical analysis of the resilience of the healthcare system, on a regional,
national, and international level in the context of stroke and TIA. Consistent
outcomes of (i) ambulance time intervals (healthcare system response) and (ii) call
volume (service user interaction with the healthcare system) was investigated in
different manners across all levels (chapters 3-6). Thus, the factors influencing the

impact of the pandemic on these outcomes were holistically synthesised.
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2.6 Thesis Outline

This thesis includes seven chapters, four of which directly answer the aim and
objectives above. Figure 2.4 provides an overview of how the thesis aim and

objectives align with each chapter, and related papers.

Chapter 1 presents information on the global burden of disease of stroke/TIA.
Furthermore, an overview of prehospital stroke care is provided. Finally, the context
of the COVID-19 pandemic is given along with a summary of its reported global

impact on prehospital stroke/TIA care.

International evidence on the impact of the COVID-19 pandemic on ambulance time
intervals and emergency call volume for suspected stroke/TIA is included in chapter
3. A meta-analysis combining findings from various studies to provide an overall
estimate is described. This was required as international evidence on the impact of
COVID-19 and its magnitude in this context was conflicting. Like chapter 3, time
intervals and emergency call volume were examined in chapter 4, using Republic of

Ireland National Ambulance Service control centre data.

Chapter 5 explores the perspectives of stroke/TIA survivors, caregivers, and
healthcare professionals on the emergency/pre-treatment phase of acute stroke/TIA
care in Ireland during the COVID-19 pandemic. Findings from in-depth interviews

and a patient journey mapping approach are described in this chapter.

The final study chapter, chapter 6 details two parts of an international study. Firstly,

an ambulance time/interval international benchmarking study is detailed. During the
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systematic review (chapter 3) heterogeneity in ambulance time/interval
terminologies and definitions was identified. Thus, to conduct an accurate and
meaningful international comparative study, benchmarking needed to be conducted.
As a result of this benchmarking, the Republic of Ireland time interval definitions
were used in the international comparative study (chapter 6b). This final study
compares time intervals and emergency call volume for suspected stroke/TIA pre-

COVID-19 and during COVID-19 across seven international ambulance services.

Chapter 7 of this thesis summarises the main findings, strengths, and limitations of
this body of work, along with potential policy implications and suggestions for future
research. As per the multi-level mixed methods approach®* adopted in this thesis,
the discussion chapter triangulates both the quantitative (chapter 3,4,6b) and
qualitative (chapter 5 and 6a) strands of inquiry of this thesis at the interpretation

level.
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implications for future policy and service delivery

The impact of the COVID-19 pandemic on prehospital emergency care for stroke/transient ischaemic attacks (TIAs) and

Aim

policy and service delivery.

To investigate the impact of a “shock”, such as the COVID-19 pandemic on prehospital emergency care for

exemplar time-sensitive conditions; stroke and TIA, with the goal of exploring potential implications for future

Objective 1:

To review and synthesise
published evidence on
the impact of the COVID-
19 pandemic on
prehospital emergency
care for suspected
stroke/TIA.

Objective 2:

To compare ambulance
time intervals and
emergency call volume for
suspected stroke/TIA in
the Republic of Ireland,
before and during the
COVID-19 pandemic.

Chapter 3

Protocol published in HRB
Open, 2022

Paper published in Prehospital

Chapter 4

Emergency Care, 2023

Published in BMJ Open,
2024

Objective 3:

To explore experiences
of stroke/TIA survivors,
caregivers, and
healthcare professionals
of acute stroke/TIA care
in the Republic of Ireland
during the COVID-19
pandemic.

Objective 4:

To compare terminology
and definitions of
ambulance times and time
intervals from the
ambulance services of a
range of countries to
facilitate international
benchmarking.

Objective 5:

To compare ambulance time
intervals and emergency call
volume for suspected
stroke/TIA across seven
international ambulance
services before and during
the COVID-19 pandemic.

Chapter 5

Chapter 6a

Chapter 6b
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3.1 Abstract

Background

The COVID-19 pandemic impacted on health service provision worldwide, including
care for acute time sensitive conditions. Stroke and TIAs are particularly vulnerable
to pressures on healthcare delivery as they require immediate diagnosis and
treatment. The global impact of the COVID-19 pandemic on prehospital emergency
care for stroke/TIA is still largely unknown. Thus, the aim of this study is to conduct
a systematic review and meta-analysis to investigate the impact of the COVID-19
pandemic on prehospital emergency care for stroke and TIA.

Methods

Following the Preferred Reporting Items for Systematic Reviews and Meta Analyses
(PRISMA) guidelines, the review is registered on PROSPERO (registration number
CRD42022315260). Peer-reviewed quantitative studies comparing prehospital
emergency care for adults with stroke/TIA before and during the COVID-19 pandemic
will be considered for inclusion. The outcomes of interest are ambulance time
intervals and emergency call volumes for stroke/TIA. A systematic search of
databases including PubMed, Embase and Scopus will be conducted. Two authors
will independently screen studies for inclusion based on predetermined inclusion
and exclusion criteria. Data extraction and quality assessment will be conducted by
two authors. Meta-analysis will be performed to calculate overall pooled estimates
of ambulance time intervals (primary outcome) and stroke/TIA call volumes

(secondary outcome), where appropriate. Where heterogeneity is low a fixed-effects

56



model will be used and where heterogeneity is high a random-effects model will be
used. Subgroup and sensitivity analyses will include location, stroke/TIA diagnosis
and COVID-19 case numbers.

Results

Data on primary and secondary outcomes will be provided. Results of
subgroup/sensitivity analyses and quality assessment will also be presented.
Conclusions

This review will identify existing evidence reporting the impact of the COVID-19
pandemic on prehospital emergency care for adult patients with stroke/TIA. It will
also provide summary estimates of effects on ambulance time intervals and

emergency call volume.
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3.2 Introduction

The COVID-19 pandemic was a “shock” to the healthcare system, globally®. COVID-
19 was declared a pandemic by the Director-General of the WHO at the media
briefing on 11 March 20202%. Consequently, it is reported that the pandemic affected
non-COVID-19 healthcare in many countries®*. Public health guidelines were
introduced in an effort to manage the pandemic, including travel restrictions and
stay at home orders®*. These interventions may have impacted on healthcare
seeking behaviour®*. Furthermore, the healthcare workforce was directly impacted
through sickness and periods of isolation/restriction of movements for cases and

contacts>.

Globally, delayed, and reduced admissions for non-COVID-19 related care have been
linked to increased mortality and morbidity®’. Reports from multiple countries
indicated that calls to EMS services vastly increased over the course of the

pandemic®. As aresult, further pressure was put on prehospital emergency services®.

The prehospital phase of healthcare is defined in a WHO report as the period before
arrival at a hospital, clinic, and other fixed healthcare setting’. Prehospital care
generally includes the provision of care by EMS providers such as emergency medical
dispatchers, emergency medical responders, emergency medical technicians, and
paramedics®. As ambulance time intervals are internationally recognised key
performance indicators for prehospital emergency care they will be used as the

primary outcome of interest in this review'!. Ambulance time intervals are relevant
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to prehospital stroke/transient ischaemic attack (TIA) care as the role of the EMS in
this context involves prompt transport to secondary care specialists'?. As treatment
strategies for stroke/TIA are time-dependent, it is important to minimise time delays

in the prehospital phase of care'?.

In 2019, stroke was the second leading cause of DALYs globally, in the 50-74 years
and 75+ years age groups®®. Up to one in three strokes are preceded by a TIA, with
approximately 50% of these occurring within a year after the TIA, Stroke and TIA
can have similar presentations and are being included in this review as it is focusing
on information provided to the call taker by the caller before clinical assessment has
been performed. Also, within the timeframe in which prehospital care practitioners
care for the patient it may not be possible to differentiate between symptoms of a
stroke/TIA. Furthermore, some dispatch systems, such as the Advanced Medical
Priority Dispatch System (AMPDS)*?, have the same code for suspected stroke and

TIA.

Stroke is a medical emergency and requires immediate evaluation, confirmation of
diagnosis and treatment in order to prevent brain damage?. The acute ischaemic
stroke chain of recovery involves recognition (of symptoms), reaction (emergency
services alerted), response (medical assessment), reveal (brain imaging), and Rx
(prescription i.e. treatment initiation)?’. Early diagnosis and treatment are also
imperative for TIA, to reduce mortality and the risk of stroke®®. Stroke and TIA could

be considered as particularly vulnerable to pressures on healthcare delivery or
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changes in care seeking behaviours by patients. Due to the time-sensitive nature of
stroke/TIA intervention it is imperative that stroke/TIA survivors present to hospital
as soon as possible after symptoms develop'®. An increased volume of emergency
calls may mean that not as many call takers or ambulances are available.
Furthermore, patients may have been hesitant to call an ambulance during COVID-
19 due to fear of contracting the virus®. Recent preliminary evidence suggests that
stroke and cardiac arrest were the emergency cases most affected by the COVID-19

pandemic®.

There has been a global decrease in the number of patients seeking medical care for
stroke and TIA during the pandemic'’2!. Thus, COVID-19 has potentially had a
disruptive effect on the stroke chain of survival”?2. It has been reported that stroke
admissions in Southern Europe have fallen by 25% over the pandemic period??.
Furthermore, the number of EMS calls dispatched to stroke dropped, and a 30-
minute delay in response times has been reported, in this region?'. One narrative
review stated that the suggested disruption in the emergency stroke care pathway
due to the COVID-19 pandemic has resulted in a global surge of prehospital

mortality®.

Research in this area has previously focused on the nature and volume of EMS
calls, prehospital stroke triage and acute stroke hospital-based care, during the
COVID-19 pandemic®?3-2>, However, it is still largely unknown what impacts on

prehospital emergency care for stroke and TIA were seen and how they varied in
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different countries, with different approaches to the management of the pandemic
and different underlying healthcare systems. Thus, this systematic review and meta-
analysis aims to summarise the existing international evidence on the impact of the
COVID-19 pandemic on prehospital emergency care for adult patients with
stroke/TIA and estimate the ambulance time intervals and emergency call volumes

for stroke/TIA.

3.3 Protocol

3.3.1 Methods and design

This protocol was developed using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols Checklist (PRISMA-P)?. The proposed
systematic review and meta-analysis will follow the Preferred Reporting Items for
Systematic Reviews and Meta Analyses (PRISMA) guidelines?’. This review is

registered on PROSPERO (registration number CRD42022315260) (appendix 3.1).

3.3.2 Aim

To summarise the existing international evidence on the impact of the COVID-19
pandemic on prehospital emergency care for adult patients with stroke/TIA and

estimate the ambulance time intervals and emergency call volumes for stroke/TIA.

3.3.3 Objectives

e To investigate if ambulance time intervals (activation time interval, response
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time interval, patient care time interval) for adults with stroke/TIA differed
before and during the COVID-19 pandemic.
¢ Toinvestigate if the volume of EMS calls for stroke/TIA differed before and during
the COVID-19 pandemic.
Participants
Adult patients (>18 years of age) with stroke/TIA.
Exposure
Prehospital emergency care for stroke/TIA during the COVID-19 pandemic.
Comparison
Prehospital emergency care for stroke/TIA prior to the COVID-19 pandemic.
Outcome
Primary outcomes: activation time, response time, patient care time.
Secondary outcome: EMS call volume for stroke/TIA.
3.3.4 Ambulance time intervals
Ambulance time intervals include three main time periods in the time from receipt
of the emergency call by the call center operator to the patient arriving at the
hospital?®. Activation time interval covers “the period from receipt of the call to
mobilisation of a fully crewed emergency ambulance”’?8. Response time interval
covers “the period from receipt of the call to the arrival of the ambulance at the scene
of the emergency”’?®. Patient care time refers to “the time from arrival of an
ambulance crew at the scene to arrival at hospital”’?. In this review “patient care

time” will include time spent on scene and the transport to hospital time?. The

terminology used to describe these three key time periods can vary between
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countries and publications®?. Regardless of the term used, these three distinct
periods of time are a key focus of this review. Thus, the search terms of the review
relating to prehospital care have remained broad to encompass as many variations
as possible. The time periods chosen are due to clinical significance and previous
inclusion in ambulance time-related studies. Due to international variation in
terminology and definitions, a standardised definition needed to be used. Members
of the ambulance service are advising on this task.

3.3.5 Criteria for considering studies for the review

Inclusion criteria

Table 3.1 details full inclusion and exclusion criteria and justifications for each. This

systematic review will include:

e Quantitative studies where prehospital care for adult stroke/TIA patients was
compared before and during the COVID-19 pandemic.

e Stroke/TIA diagnosis does not have to be confirmed at hospital level. Due to the
context of this study stroke/TIA can be suspected (based on symptoms given to
call taker) or a working diagnosis after review by an EMS team. A study will not
be excluded based on the definition of stroke/TIA diagnosis. However, if available
in the study, whether the stroke/TIA was suspected or confirmed will be outlined
in the review.

e Studies need to include data on ambulance time intervals or stroke/TIA
emergency call volumes in order to be considered for inclusion. A study needs to
include data on at least one of: activation time interval, ambulance response

time interval or patient care time interval to be eligible for inclusion. Regardless
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of the terminology used in a particular study, if data are available on any of these
three time periods of interest the study is eligible for inclusion.

Cases identified by the call taker as suspected stroke/ TIA will be included and if
the data are available these calls will be put in context of calls made to the wider
EMS system.

Primary, peer - reviewed studies in any language.

Exclusion criteria

64

Studies where all participants are children, or where data for adults cannot be
extrapolated.
Case reports, case series, letters, commentaries, notes, editorials, and

conference abstracts, dissertations, reviews, opinion pieces.



Table 3.1 - Inclusion and exclusion criteria for study selection

Criterion Inclusion Exclusion Justification
Language All languages N/A Translation of articles will ensure the largest pool of potentially
eligible articles
Focus Quantitative studies on Qualitative articles Pooled estimates can be calculated
the impact of the COVID- | Opinion pieces
19 pandemic on
prehospital emergency
care for adult patients
with stroke/TIA
Types of Peerreviewed journal Editorials or other opinion pieces Reviews Primary peer reviewed literature will provide numeric
articles articles Unpublished (grey) literature including information related to primary and secondary outcomes for
theses, dissertations, editorials, and book possible inclusion in a meta-analysis
chapters Newspapers and websites
Conference abstracts/proceedings
Geographic Any N/A COVID-19 is a global concern
location
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3.3.6 Search strategy for identifying relevant studies

Bibliographic database searches

Initial search?’*°: ProQuest and PubMed will be used to search for relevant articles.
The librarian recommended these databases due to the context of the study, and
the range of articles available on these databases. Words and phrases found in the

title, abstract, and index of these papers will inform the final search strategy.

Second search: Using the identified search terms a formal search of Embase
(Elsevier), ProQuest, PubMed, Scopus (Elsevier), Web of Science (Clarivate) and
Wiley will be conducted. These searchers will be included in the final PRISMA flow

chart?.

Reference list search: Backward and forward citation searching will be conducted on
all included studies. The Peer Review of Electronic Search Strategies (PRESS) will be
used to evaluate the search strategy®*2. The number of studies identified in the

reference list screening will be included in the PRISMA flow chart?’.

An expert university librarian was involved in the selection of initial search terms and
databases for this protocol. The librarian also advised on refining and designing the
final search strategy. They advised on the most appropriate Medical Subject
Headings (MeSH) terms for the search strategy and offered input into adapting these
terms for the selected databases. Table 3.2 details a sample initial search strategy

for the PubMed database. Table 3.3 details the final search strategy for the PubMed
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database.
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Table 3.2 - Sample search terms for the PubMed database

Initial Keywords

stroke OR cerebrovascular accident OR transient ischaemic attack OR TIA

emergency medical service OR EMS OR ambulance OR emergency care OR paramedic OR 999 OR 911 OR 112 OR prehospital

COVID-19 OR SARS-CoV-2 OR covid 19 OR coronavirus
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Table 3.3 - Final search strategy for the PubMed database

Stroke/TIA

(“cerebrovascular accident*” [Title/Abstract] OR “cerebrovascular disease*” [Title/Abstract] OR “transient ischaemic
attack™” [Title/Abstract] OR “transient ischemic attack™” [Title/Abstract] OR “TIA” [Title/Abstract] OR “cerebrovascular
event*” [Title/Abstract]) OR (stroke*[MeSH Terms])

Prehospital

(“pre hospital”[Title/Abstract] OR prehospital[Title/Abstract] OR “pre-hospital”[Title/Abstract] OR EMS[Title/Abstract] OR
ambulance*[Title/Abstract] OR “emergency care”[Title/Abstract] OR paramedic*[Title/Abstract] OR 999[Title/Abstract] OR
112[Title/Abstract] OR 911[Title/Abstract] OR “emergency department*”[Title/Abstract] OR “out-of-hospital”’[Title/ Abstract]
OR emergenc*[Title/Abstract] OR “hospital referral*”[Title/Abstract] OR “emergency admission™”[Title/Abstract] OR “time-
to-treatment”[Title/Abstract] OR “acute stroke care”[Title/Abstract] OR “acute stroke therapy”[Title/Abstract]) OR
(emergency medical services|[MeSH Terms])

COVID-19

(“COVID-19” [Title/Abstract] OR covid [Title/Abstract] OR coronavirus*[Title/Abstract] OR “novel coronavirus*” [Title/
Abstract] OR lockdown*[Title/Abstract] OR pandemic*[Title/Abstract]) OR (SARS-CoV-2[MeSH Terms])

Combined

search

(((“COVID-19” [Title/Abstract] OR covid [Title/Abstract] OR coronavirus*[Title/Abstract] OR “novel coronavirus*” [Title/
Abstract] OR lockdown*[Title/Abstract] OR pandemic*[Title/Abstract]) OR (SARS-CoV-2[MeSH Terms]))

AND

((“cerebrovascular accident*” [Title/Abstract] OR “cerebrovascular disease*” [Title/Abstract] OR “transient ischaemic
attack™” [Title/Abstract] OR “transient ischemic attack*” [Title/Abstract] OR “TIA” [Title/Abstract] OR “cerebrovascular
event™” [Title/Abstract]) OR (stroke*[MeSH Terms])))

AND

((“pre hospital”[Title/Abstract] OR prehospital[Title/Abstract] OR “pre-hospital”[Title/Abstract] OR EMS[Title/Abstract] OR
ambulance*[Title/Abstract] OR “emergency care”[Title/Abstract] OR paramedic*[Title/Abstract] OR 999[Title/Abstract] OR
112[Title/Abstract] OR 911[Title/Abstract] OR “emergency department™*”[Title/Abstract] OR “out-of-hospital”’[Title/ Abstract]
OR emergenc*[Title/Abstract] OR “hospital referral*”[Title/Abstract] OR “emergency admission™*”[Title/Abstract] OR “time-
to-treatment”[Title/Abstract] OR “acute stroke care”[Title/Abstract] OR “acute stroke therapy”[Title/Abstract]) OR
(emergency medical services|[MeSH Terms]))
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3.3.7 Selection of studies for inclusion in the review

Identified citations will be collated and uploaded into Endnote™ 20 (Clarivate
Analytics, PA, USA) and duplicates removed. Titles and abstracts of published

literature will be imported into Covidence (https://www.covidence.org/), and

screened using the software, by two independent reviewers (EB and JA) for
assessment against the inclusion/exclusion criteria for this review. Potentially
relevant sources will be retrieved in full, and their citation details imported into
Covidence. The full text of selected citations will be assessed in detail against the

inclusion criteria by EB and JA.

Reasons for exclusion of sources of evidence at full text that do not meet the
inclusion criteria will be recorded and reported in the systematic review. Any
disagreements that arise between the reviewers at each stage of the selection
process will be resolved through discussion between EB and JA. If necessary, any
disagreement will then be referred to a third reviewer; VMc and resolved by

consensus.

The results of the search and the study inclusion process will be reported in full in

the final systematic review and presented in a PRISMA flow diagram?’.

3.3.8 Data extraction and management

A standardised data extraction form has been composed using Microsoft Word

(version 2102), which fulfils the eligibility criteria (Table 3.1). This template has been
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compiled based on the aim and objectives of the review and what data will be

required to effectively report the results of this review.

EB will extract the data from the included papers. JA will check a random sample of
20% of these studies for accuracy of data extraction. Finalising the data extraction
form may be an iterative process, and modification or revision may occur after
piloting. Any disagreements will be resolved upon discussion with VMc. This process
ensures transparency and clarity in the process of data extraction. The categories
below will be included in the first version of the form, which can be found in table
3.4. Any modifications to the existing data extraction form will be reported in the

systematic review.
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Table 3.4 - Categories included in the data extraction form for this systematic

review and meta-analysis

Author(s), month, year of publication, country

Aims/purpose

Study design

Country/region

Income level of country

Emergency dispatch system

Sample size in studies, sex, age

Activation time interval before and during the pandemic

Response time interval before and during the pandemic

Patient care time intervals before and during pandemic

Call volumes before and during the pandemic

Time period (pre and during COVID-19 pandemic)

Method of stroke/TIA diagnosis

COVID-19 cases numbers/ICU numbers/hospitalisations

3.3.9 Appraisal of the quality of included studies

The appropriate Joanna Briggs Institute (JBI) Critical Appraisal tool®® will be used to
appraise the quality of each included study. The JBI tools will be used as it is
anticipated that eligible studies will be cohort studies, cross-sectional or quasi-
experimental studies. JBI offers a critical appraisal tool for each of these designs. The

JBI checklist offers a series of questions to which “Yes”, “No”, “Unclear” and “Not
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applicable” are the provided answers. These checklists will be used to assess the risk
of bias in individual studies. The overall quality of cumulative evidence will be
assessed using the Grading of Recommendations Assessment, Development and
Evaluation guidelines (GRADE)®**.Two reviewers (EB and JA) will independently assess

study quality. If necessary, discrepancies will be resolved by VMc.

3.3.10 Presenting and reporting the results

A PRISMA flow diagram?’ will be included in the review to illustrate the study
selection process and will also provide a rationale for excluding studies. Tables
displaying study characteristics and quality assessment will be included. Forest plots
will be used to present pooled estimates. If a study is eligible for inclusion in the
review but does not include sufficient data for inclusion in a meta-analysis the
corresponding study authors will be contacted for access to raw data, in the first
instance. If raw data cannot be obtained, the findings of the relevant studies will be

included in a separate table or narratively presented.

Meta-analyses will be conducted, where the data allows, to calculate pooled
estimates of the difference between ambulance time intervals. These intervals
include the time of call to ambulance being dispatched (activation time interval),
time from ambulance being dispatched to arrival at the incident location (response
time interval), and time spent on scene and from the incident location to the hospital
(patient care time interval). Additionally, call volumes for stroke/TIA before and

during the COVID-19 pandemic will be analysed.

73



Where heterogeneity is low (12 value of less than 50%) a fixed-effects model will be
used and where heterogeneity is high (12 value of 50% or more) a random-effects
model will be used, according to the Cochrane Handbook criteria®.

The following subgroup/sensitivity analyses will be performed using RevMan 5.4,

where the data allows:

1. According to location. (Classification will be determined once articles are
selected).

2. According to income level of country. (Determined by World Bank
Classification®®).

3. According to study quality. (Determined by appropriate JBI critical appraisal
tool®3).

4. According to COVID-19 case numbers/hospitalisations in the country/area at the
time of the study. (John Hopkins Coronavirus Resource Centre and Oxford Martin
School data will be used®”-%).

5. According to the number of weeks since the WHO categorised COVID-19 as a
pandemic. (This was stated by the Director-General of the WHO at the media
briefing on 11 March 2020?).

6. According to stroke/TIA diagnosis (suspected stroke/ TIA, working diagnosis after

review by EMS, or hospital confirmed diagnosis).

A funnel plot will be used to assess publication bias if ten or more studies are included
in the meta-analysis. Any asymmetry of the funnel plot arising from publication bias

will be addressed using the trim and fill method®.
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If any further subgroup/sensitivity analyses need to be carried out during the meta-

analysis process, these will be identified as post hoc analyses.

3.3.11 Consultation with stakeholders

Clinical stakeholders

A Consultant Neurologist (AM) aided in the development of the research question
for this review. AM will be asked about resources on the review topic that might not
be identified through the searching of databases, and references. The Consultant
Neurologist will help with dissemination of review results and offer suggestions on
how best to disseminate the results of the review to the medical community.
Members of the Republic of Ireland National Ambulance Service Clinical Directorate
advised on terminology and clinical significance of time periods, in this protocol.
They will also be involved throughout the systematic review and will offer
suggestions on how to best disseminate the results of the review to the prehospital
emergency care community.

Patient and Public Involvement (PPI)

PPl is described in this protocol and will be described in the systematic review using

the GRIPP 2 checklist (short version)“°.

A PPI panel of 5 stroke survivors (2 female, 3 male) from a stroke support group were
involved in the development of this protocol and subsequent review from an early

stage. The PPI panel were consulted on this protocol by means of two face- to-face
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meetings. PPI contributors were involved in this protocol to advise on development
of the research question, which stakeholders to target for involvement in the review,
possible search terms, terminology surrounding stroke/TIA survivors and their
research priorities.

The PPI contributors emphasised that they believe that the period from onset of
symptoms to arrival at hospital was the most important part of the care pathway.
They were asked to advise on preferred terminology around the term “stroke
survivor” or “stroke patient” and any colloquial terms used for stroke/TIA. Also, they
were asked what they felt would be important to know about the impact of the
COVID-19 pandemic on prehospital emergency care for those with a stroke/TIA
during the COVID-19 pandemic.

As a result, the research question focuses on prehospital emergency care for those
with stroke/TIA. PPl had a very positive effect on this protocol*l. The PPI contributors
used their lived experience to highlight key issues of importance and aspects of
stroke/TIA care they felt could have been affected by the COVID-19 pandemic. The
PPl panel prefer the term “stroke/TIA survivor” to refer to those who had a
stroke/TIA. Thus, where possible this terminology will be used in outreach and
dissemination of the review results, especially those targeted towards general
audiences.

This group of PPI contributors will also be involved in interpreting the results of this

review to identify gaps and aid in the dissemination of the results.
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3.4 Conclusion

This systematic review and meta-analysis will summarise existing evidence
investigating the impact of the COVID-19 pandemic on prehospital emergency care
for those with stroke/TIA. This work may also influence policy guidelines and future
research on prehospital management of non-communicable diseases during a
pandemic, and prehospital care more broadly. The results may also inform our
understanding of healthcare system resilience in response to crises on a broader
level. The findings of this review will be disseminated through peer and public
presentations, conferences, a policy brief for relevant clinical programmes (stroke

and emergency medicine) and a peer-reviewed journal article.
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prehospital emergency care for adults with stroke
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3.5 Abstract

Introduction

COVID-19 has challenged global healthcare systems and resulted in prehospital
delays for time-sensitive emergencies, like stroke and TIAs. However, there are
conflicting international reports on the level of effect of the pandemic on ambulance
time intervals and emergency call volumes for these conditions.

Objectives

The purpose of this study was to synthesise the international evidence on the effect
of COVID-19 on ambulance time intervals and emergency call volume for suspected
stroke and TIA.

Methods

Following a published protocol, we conducted a systematic search of six databases
through 315t May 2022. We re-ran this search on 26" April 2023, to check for any
new papers. We considered for inclusion peer-reviewed quantitative studies
comparing prehospital emergency care for adults with suspected stroke/TIA before
and during the COVID-19 pandemic. Two authors screened titles/abstracts and full
text articles. One author carried out data extraction, with a random selection of
articles being checked by another author. We calculated overall pooled estimates of
ambulance time intervals (activation, response, patient care, and total prehospital
intervals) and stroke/TIA emergency call volume. Subgroup and sensitivity analyses
included location and stroke/TIA diagnosis. Two authors assessed study quality using
the appropriate Joanna Briggs Institute tool. We worked with Patient and Public

Involvement contributors and clinical and policy stakeholders throughout the review.
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Results

Of 4,083 studies identified, 52 unique articles met the inclusion criteria. Mean
response interval (-1.29 min [-2.19 to -0.38]) and mean total prehospital interval (-
6.42 min [-10.60 to -2.25]) were shorter in the pre-COVID-19 period, compared to
the COVID-19 period. Furthermore, there was a higher incidence rate of emergency
call volume for suspected stroke/TIA per day pre-COVID-19 compared with the
COVID-19 period (log IRR = 0.17 (0.02 to 0.33)). Ambulance time interval definitions
and terminology varied between regions and countries.

Conclusions

Our review indicates that prehospital delays for suspected stroke/TIA increased
during the COVID-19 pandemic. Furthermore, emergency call volume for suspected
stroke/TIA decreased during this period. In order to minimise delays in future
pandemics or other healthcare emergencies future research may involve

understanding the potential reasons for these delays.
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3.6 Introduction

The COVID-19 pandemic challenged global healthcare systems and altered
healthcare utilisation patterns*?#3. COVID-19 public health measures such as
personal protective equipment (PPE) and cleaning protocols contributed to workflow
delays, particularly for time-dependent emergencies such as stroke/TIA*4, Also, in
some instances, EMS practitioners were redeployed to non-traditional roles such as
COVID-19 testing and vaccination during the pandemic®’.

The WHO defines prehospital emergency care as “the period before arrival at a
hospital, clinic, and other fixed healthcare setting”’. However, terminology
surrounding prehospital/emergency care differs in different healthcare systems and

regions.

Stroke an TIAs require immediate diagnosis and treatment*. Prompt recognition of
symptoms and contact with EMS is a crucial component of emergency stroke/TIA
care®. Minimising time to treatment and prehospital delays reduces stroke-related
morbidity and mortality*’. However, the WHO and many international reports have
acknowledged the wide-ranging effects of the pandemic on stroke/TIA services and

2051 Furthermore, many studies

a marked decline in acute stroke presentations
report a decline in the presentation of patients with milder stroke symptoms and

TIAs during the COVID-19 pandemic?®25¢, Patient reluctance to seek medical

attention may be due to fear of contagion and strict public health measures®?.
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Conflicting reports on the change in healthcare utilisation patterns for stroke/TIA
exist globally®’. Some studies suggest a decrease in stroke presentations, and delayed
health care interaction, whereas others found an increase in stroke cases during the
pandemic*. Thus, the aim of this review was to summarise the existing international
evidence on the effects of the COVID-19 pandemic on prehospital emergency care
for adult patients with suspected stroke/TIA and estimate the ambulance time

intervals and emergency call volumes for stroke/TIA.

3.7 Methods

We used the PRISMA guidelines?’ and registered the review on PROSPERO
(registration number CRD42022315260). We published the review protocol on HRB

Open®,

3.7.1 Objectives

¢ To investigate if ambulance time intervals from call commenced to arrival at
hospital differed before and during the COVID-19 pandemic for adults with

suspected stroke/TIA.

e To investigate if the volume of EMS calls for adults with suspected stroke/TIA

differed before and during the COVID-19 pandemic.

Participants

Patients 218 years of age with suspected stroke/TIA.
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Exposure

Prehospital emergency care for stroke/TIA during the COVID-19 pandemic.
Comparison

Prehospital emergency care for stroke/TIA prior to the COVID-19 pandemic.
Outcome

Primary outcomes: activation, response, patient care, total prehospital intervals®’.

Secondary outcome: EMS call volume for suspected stroke/TIA.

3.7.2 Ambulance Time Intervals

Activation interval?® covers “the period from receipt of the call to mobilisation of a
fully crewed emergency ambulance”. Response interval?® covers “the period from
receipt of the call to the arrival of the ambulance at the scene of the emergency”.
Patient care interval® refers to “the interval from arrival of an ambulance crew at
the scene to arrival at hospital”. In terms of the Spaite et al.>? definitions, this would
be the sum of the “on scene” and “transport interval.” We also included studies that

included the sum of the three-time periods, total prehospital interval.

The intervals chosen are due to clinical significance and previous inclusion in
ambulance time/interval studies?®. Due to international variation in terminology and
definitions, a standardised definition needed to be used. The broader definition of
patient care interval improves the inclusivity of the review. Studies that include the
interval spent on scene, the interval from scene to hospital, and the entire period

from arrival on scene to arrival at hospital can be included, based on this definition.
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3.7.3 COVID-19 Pandemic

The WHO declared COVID-19 a pandemic on March 11, 2020%. However, different
definitions of COVID-19 periods/waves exist internationally. Thus, we included

studies that compared any time period before and during COVID-19.

3.7.4 Criteria for considering studies for the review

We developed inclusion/exclusion criteria using existing literature and expert
stakeholder involvement. Expert stakeholders included authors AM, COD, and SM
and members of the Prehospital Care of Stroke (PHoCoS) Consortium. This is a
consortium of international prehospital care practitioners and researchers. EB is the
founder of this consortium, and all authors are members of this group. Table 3.5

contains the full list of inclusion/exclusion criteria for this review.
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Table 3.5 - Inclusion and exclusion criteria for study selection

Criterion Inclusion Exclusion Justification
Language All languages N/A Translation of articles will ensure the
largest pool of potentially eligible articles
Focus Quantitative studies on Qualitative articles Pooled estimates can be calculated
the impact of the COVID- | Opinion pieces
19 pandemic on
prehospital emergency
care for adult patients
with suspected stroke/TIA
Types of Peer reviewed journal Editorials or other opinion Primary peer reviewed literature will provide numeric
articles articles pieces information related to primary and secondary outcomes for
Reviews possible inclusion in meta-analyses
Unpublished (grey) literature
including theses,
dissertations, editorials, and
book chapters
Newspapers and websites
Conference
abstracts/proceedings
Geographic | Any N/A COVID-19 is a global concern
location




Expert stakeholders recommended that if studies did not mention patient age, we
include these, unless the setting was solely pediatric. Paediatric cases were excluded
due to age-related differences in risk factors, etiopathogenesis, and clinical
presentations for pediatric stroke®. If age was mentioned, we extracted data for
those 18 years and above, if possible. Proxies for call volume, such as prehospital
stroke code/alert activation, and arrival by ambulance, were included on the

recommendation of expert stakeholders.

3.7.5 Search strategy for identifying relevant studies

An expert university librarian advised on the search strategy and database selection.
COD, SM, and AM also inputted into potential search terms. We conducted an initial
search in ProQuest and PubMed??:306162 As per the PRESS process®132:6364 5 second
subject area librarian reviewed the search strategy (Appendix 3.2). We performed a
systematic search in Embase (Elsevier), ProQuest, PubMed, Scopus (Elsevier), Web
of Science (Clarivate), and Wiley on 315t May 2022, and re-ran the search on 26" April
2023. Appendix 3.3 contains the complete search strategy. We translated non-

English articles using DeepL Translator https://www.deepl.com/en/translator.

Authors EB and JA performed backward and forward citation searching using Web of

Science (Clarivate) and Scopus (Elsevier).

3.7.6 Selection of studies for inclusion in the review

We uploaded identified citations into EndnoteTM 20 and removed duplicates.

Authors EB and JA carried out title/abstract and full-text screening using Covidence
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(https://www.covidence.org/). Authors were contacted for full-text articles where

only abstracts were available or if further information was required. The Covidence
software displayed any conflicts that arose during the independent title/abstract
screening process. EB and JA then met to discuss these conflicts. Minor conflicts
arose, primarily on the definition of call volume and studies that included both
hospital and prehospital care. These were resolved through discussion and no other

author was required to reach consensus.

A similar process was carried out for full-text screening. Conflicts here arose due to
uncertainty around whether call volume referred to only suspected stroke/TIA in
some articles. This was resolved by consulting prehospital care experts (SM and
COD). Once EB and JA agreed on the final number of articles for inclusion, 56 articles
were transferred to two further reviewers. SM has expertise in prehospital care and
AM has expertise in clinical neurology. SM and AM reviewed all included articles,
using a consistent template (Appendix 3.4). The purpose of this step was to ensure
that selected articles met the clinical criteria for inclusion. Due to the heterogeneity
of language surrounding call volumes, SM offered guidance on the appropriateness
of inclusion of some articles. Due to the above reasons, after the screening by SM

and AM two articles were excluded.

3.7.7 Data extraction and management

EB used a standardised data extraction form in Microsoft Word (version 2102) to
extract the data (Appendix 3.5). The version of the form in the protocol was

iteratively amended®®. We added stroke and/or TIA, definition of emergency call and
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total prehospital interval to the form. We did not collect data on the dispatch systems
of studied ambulance services, as these were not reported in included articles and
insufficient service details were included to extrapolate this information. JA checked

a sample of the extracted data.

3.7.8 Appraisal of the quality of included studies

EB and JA independently assessed study quality using the appropriate Joanna Briggs
Institute (JBI) checklist33%>. We chose the JBI checklists®3¢° as there are checklists for
cohort, cross-sectional, and quasi-experimental studies. The JBI checklists®*¢® include
guestions on design, conduct, and analysis, with “Yes,” “No,” “Unclear,” and “N/A”
as possible answers. JA and EB followed the JBI critical appraisal guidelines closely to
ensure consistency. For cohort studies, question six was answered with “N/A” in all
cases, as the outcome is present in both the COVID-19 and pre-COVID-19 periods®®.
Furthermore, we used the GRADE tool to appraise the combined quality of the

cumulative evidence®.

3.7.9 Presenting and reporting the results

Studies that separated patient care interval into “on-scene” interval and “scene to
hospital” interval and one study reporting confidence intervals only were reported
narratively.

Where studies reported median and inter-quartile range (IQR) we approximated to
respective mean and standard deviation using the method explained in Wan et al.

Thus, we assumed the data had a normal distribution. We summarised the pooled
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effect measure using the mean difference and its 95% confidence interval (Cl) along
with the test for its significance. The meta-analysis of call volumes was based on a
log transformed incidence rate ratio (IRR) effect measure. This compared the
incidence per day in the pre-COVID-19 period to the COVID-19 period. For both
outcomes the pre-COVID-19 period was compared to the COVID-19 period. Thus, if
the mean difference has a negative value between the pre-COVID-19 and COVID-19
periods it means that intervals were shorter during the pre-COVID-19 period and

longer during the COVID-19 period.

We used the Q statistic to test for study heterogeneity®?’°. We used the random
effects model for the estimation of pooled effect and test for its significance’!. We
used the nonparametric Begg’s test’? to explore publication bias. P-values were two-
tailed at a 0.05 level of significance (p-values less than 0.05 are considered

statistically significant). We used Stata V17.0 to perform the meta-analyses.

We carried out subgroup analyses based on country, study quality, COVID-19
cases/deaths/intensive care unit (ICU)/hospital numbers®”3, and income level®® as
per protocol. All COVID-19 related parameters were not represented for each
interval meta-analysis. This is due to the differing numbers of studies being included
in the meta-analysis for each interval, representing different countries. Thus, if the
majority of countries did not have information on one of the aforementioned
parameters, or only studies set in the same country were included, this parameter

was not included in the subgroup analysis for that interval. Furthermore, for each
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interval meta-analysis, included studies were divided into categories based on the
levels of COVID-19 cases/deaths/ICU/hospital numbers. These cutoffs differed
between interval meta-analyses due to differing numbers in each represented

country.

We performed sensitivity analyses based on week numbers since 11t March 2020,
when the WHO declared COVID-19 a pandemic?, definition of stroke/TIA diagnosis,
ambulance time intervals and call volume definitions. The latter two factors were
recommended during the review process by expert stakeholders. The results of the

meta-analyses on the included studies are presented using forest and funnel plots.

3.7.10 Patient and Public Involvement (PPI)

We worked with a PPI panel of five stroke survivors (two female, three male) from a
stroke support group to refine the research question, develop the protocol®®, and
disseminate review results. EB facilitated three face-to-face meetings with the PPI
panel. First, the panel members were consulted on their language preferences
surrounding people who have had strokes/TIAs. Then the PPI contributors were
asked to suggest synonyms for “stroke” and “TIA.” These were then included in the
search strategy. The group members were also asked to identify key outcomes that
were important to them in the prehospital phase of their stroke journeys. The group
members were also involved in the interpretation of findings as EB presented the
group with key findings to discuss and identify potential gaps. Finally, the panel was

tasked with identifying key stakeholder groups to target for dissemination. We
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describe PPI in this review in detail using the GRIPP 2 checklist (short version -

appendix 3.6)%.

3.8 Results

3.8.1 Study Selection

A total of 4,083 studies were identified from database searches (Figure 3.1). After
de-duplication, 2,770 records were screened for title and abstract and 2,467 records
were excluded. The full text of 290 records were assessed. Thirteen full-text articles
could not be retrieved. Forty-two papers were found to be eligible for inclusion.
Backward and forward citation searching resulted in a further 10 eligible papers. A

total of 52 articles were included, which equated to 50 studies.
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Identification

Identification of studies via databases

Screening

Included

Records identified from*:
Databases Total (n =4083)
PubMed (n=338)

Embase (n=1003)
ProQuest Central (n=152)
Web of Science (n=409)
Scopus (n=375)

Wiley (n=1806)

Records removed before
screening:

Duplicate records removed (n
=1313)

4

Records screened
(n =2770)

Records excluded™
(n =2467)

A4

Reports sought for retrieval
(n =303)

Y

Reports not retrieved:
(n=13) (only abstracts available
and no response from authors)

Reports assessed for eligibility
(n =290)

A4

Backwards and forwards citation
searching (n=10)

!

Studies included in review
(n =50)

Corresponding to 52 full-text
articles ( studies looking at
earlier and later waves of

COVID-19)

Reports excluded:
Not focused on prehospital
care: (n =119)
Not full-text original peer-
reviewed paper (n =75)
Out of scope: (n =25)
Assessing different
outcomes: (n=14)
Assessing different
population (n=11)
Additional
exposure/intervention to
COVID-19 (n=3)
Requested extra information
from authors but received no
reply (n=1)

Figure 3.1 - PRISMA flow diagram for this systematic review and meta-analysis
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3.8.2 Study Characteristics

Our review includes studies from multiple countries. The USA (n = 12) and Spain (n
= 8) were the most common study settings. Of the 52 articles, 14 focused on
prehospital care alone, with the remainder including prehospital and hospital
settings. Most papers described registry/database studies (n = 25), fifteen were
multisite, and twelve were single-site studies. Table 3.6 summarises characteristics

of the included studies.
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Table 3.6 - Characteristics of included studies

Study Publication Date Aim Setting Design Country
Cadilhac et al.”® February 2021 To describe the impact of the COVID-19 pandemic on stroke services from the Prehospital Multicenter Australia
perspective of hospitals participating in the Australian Stroke Clinical Registry and Hospital | analysis of
(AUSCR) up until the end of June 2020. stroke registry
and survey
(mixed-
methods study)
Gardiner et al.”* December 2020 To compare the pre - lockdown and post-lockdown aeromedical retrieval patient | Prehospital Retrospective Australia
characteristics during a period of Coronavirus 2019 (COVID-19) social isolation. observational
study™
Ferron et al.”® March 2021 To examine the impact of the ongoing COVID-19 pandemic EMS call volumes, Prehospital Cross- Canada
determinants (types of calls) and patient acuity at scene of arrival. sectional*
Grunau et al.”¢ January 2021 To examine all-cause emergency health services utilization in British Columbia Prehospital Observational Canada
(BC), Canada, a jurisdiction with a low COVID-19 incidence, to see if encounter study™
patterns also decreased.
Yu et al.>* October 2021 To assess the changes in emergency department, visit volume, care processes, Prehospital Cohort study* Canada
and outcomes for stroke and myocardial infarction from before compared with and
after the declaration of the pandemic and through the various phases of Hospital
restrictions, in the population of Ontario, Canada.
Tan et al”’ September 2021 To evaluate our institution’s experience as a designated COVID-19 hospital with Prehospital Single center China
acute stroke patients during the early months of the COVID-19 pandemic. and Hospital retrospective
observational
study
Wu et al.”8 November 2020 To investigate the impact of the COVID-19 outbreak on stroke emergency care in | Prehospital Multicenter China
Beijing (capital of China) during the pandemic. and Hospital retrospective
database
analysis*
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Study Publication Date Aim Setting Design Country
Charlton et al.”? April 2021 To explore the incidence of ambulance activation for a range of the most Prehospital Cross- England
common emergency conditions occurring across Northeast England, as well as sectional*
the number of out-of-hospital cardiac arrest deaths.
Laukkanen et April 2021 To examine if there was a change in the number and characteristics of EMS Prehospital Retrospective Finland
al.go missions and patients in early phase of the COVID-19 pandemic compared with observational
previous years. study™
Gil-Jardiné et March 2021 To assess whether the automatic classification of the content of calls to the Prehospital *Retrospective | France
al.8t emergency medical communication centers could provide relevant and retrieval of call
responsive indicators. records™**
Pop et al.#? September 2020 To perform a detailed analysis of variations in the acute stroke pathway activity Prehospital Multicenter France
for the Alsace region, during the first month of the outbreak, using the same and retrospective
time period from 2019 as a comparator. Hospital review
Ikenberg et al.8 November 2020 To analyze numbers and patterns of Code Stroke patients dispatched by EMS Prehospital Single center Germany
during the COVID-19 pandemic at a German Comprehensive Stroke Centre, and retrospective
which is located at one of the pandemic hotspots in Germany. Hospital analysis
Teo et al.>¢ July 2020 To determine whether COVID-19 has resulted in delays in stroke presentations Prehospital Single center Hong Kong
and affected the delivery of acute stroke services in a comprehensive stroke and Hospital | retrospective
center in Hong Kong. review of
stroke registry*
Libruder et al.8 July 2021 To investigate the effect of the COVID-19 outbreak on admission rates and in- Prehospital Multicentre Israel
hospital care for acute stroke and TIA in Israel, shortly after the start of the and Hospital retrospective
pandemic. observational
study
Naccarato et May 2020 To evaluate the effects of the COVID-19 pandemics on stroke management Prehospital Single center Italy
al.® during the first month of Italy’s lockdown. and Hospital retrospective
study
Padroni et al.® June 2022 To analyse the impact of SARS-CoV-2 on stroke care in the province of Ferrara, Prehospital Single center Italy
north-eastern Italy, over the course of the pandemic, from March 2020 to April and Hospital retrospective
2021. analysis
Paolucci et al.®” January 2022 To compare stroke network performances on endovascular thrombectomy Prehospital Multi-site Italy
during the pandemic period with a mothership model with those of the drip-and- | and Hospital retrospective

ship model.

cohort
study***

95




Study Publication Date Aim Setting Design Country
Zini et al.88 October 2020 To analyse stroke code admissions, hospitalizations, and stroke belt performance | Prehospital Single center Italy
for ischaemic stroke patients in the metropolitan Bologna region, comparing and Hospital retrospective
temporal trends between 2019 and 2022 to define the impact of COVID-19 on observational
the stroke network. study
Tanaka et al.%? October 2021 To investigate the changes in the clinical characteristics including onset to door Prehospital Multicenter Japan
time in patients with TIA/mild stroke before and during the COVID-19 pandemic and Hospital retrospective
using data from three hospitals in the Fukuoka Prefecture, Japan. study
Tani et al.?° December 2021 To determine the impact of the coronavirus disease 2019 pandemic on Prehospital Multicenter Japan
emergency hospitalisations of patients with stroke in Japan. and Hospital | observational
study*
Melaika et al.”* February 2021 To assess the impact of the COVID-19 lockdown on prehospital stroke care and Prehospital Single center Lithuania
referral patterns. and prospective
Hospital observational
study
Blek et al.>® April 2022 To assess the impact of the COVID-19 epidemic across the Masovian Voivodeship | Prehospital Retrospective Poland
on suspected stroke patients’ characteristics, prehospital vital parameters, cohort study*
clinical and neurological status, emergency procedures performed in the
prehospital phase and EMS processing times.
Kucap et al.?? August 2020 To analyse interventions of emergency medical teams during the SARS-CoV-2 Prehospital Retrospective Poland
pandemic, and to compare obtained data with the same periods in 2018-2019. analysis*
Nadolny et al.?® October 2020 To assess the number of ambulance calls, type of emergency that led to the call, Prehospital Retrospective Poland
and final International Classification of Disease, Tenth Revision, Clinical analysis*
Modification (ICD-10) diagnoses established by the leader of an emergency
medical team - EMT.
Rodrigues et August 2021 To evaluate COVID-19’s effect on the number of stroke code activations and Prehospital Single center Portugal
al.? timings during the first two months of the pandemic. and retrospective
Hospital observational
analytical study
Kim et al.?® December 2021 To identify the impact of COVID-19 on EMS processing times and transfers to the | Prehospital Retrospective South Korea

emergency department among patients with acute stroke symptoms before and
during the COVID-19 pandemic in Busan, South Korea.

observational
study™
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Study Publication Date Aim Setting Design Country
Lee et al.?® March 2021 To analyse the prognosis and time spent at the prehospital and hospital stages in | Prehospital Multicentre South Korea
management of patients with acute ischaemic stroke during the COVID-19 and retrospective
outbreak. Hospital study
Park et al.” February 2022 To evaluate whether emergency medical centers for critical care during COVID- Prehospital *Retrospective | South Korea
19 were effective in reducing ambulance diversions and shortening prehospital observational
times for patients. study™***
Seo et al.”® February 2022 To identify the impact of the sudden outbreak of coronavirus disease 2019) on Prehospital Cross- South Korea
EMS response for patients with acute stroke. and Hospital sectional™* (25
safety centers)
Montaner et August 2020 To investigate whether the COVID-19 pandemic affects acute stroke care through | Prehospital Multicentre Spain
al.?”? interruptions in the stroke chain of survival. and descriptive
Hospital analysis
Ramirez- January 2021 To compare the healthcare activity of two stroke units in the same periods of Prehospital Multicentre Spain
Moreno et al.1® 2019 and 2020, with an emphasis on what happened during the state of alarm. and retrospective
Hospital comparison
Ramos-Pachén May 2021 To investigate the impact of the COVID-19 pandemic on acute stroke care quality | Prehospital Multi-Centre Spain
et al.1o? and clinical outcomes to detect healthcare system’s bottlenecks from a territorial | and Hospital crossed- data
point of view. nation-based
cohort
analysis*
Riera- Lépez et October 2021 To examine the impact of the COVID-19 in stroke codes in our EMS among 3 Prehospital Retrospective Spain

al 53

periods of time: the COVID-19 period, the same period the year before, and the
2019-2020 seasonal influenzas period.

observational
cohort study*
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Study Publication Date Aim Setting Design Country
Rudilisso et al.1°2 | July 2020 To analyse the impact of the COVID-19 outbreak on the chain of acute stroke Prehospital Single center Spain
care in a Comprehensive Stroke Centre. and Hospital study
comparing
March 2019
and March
2020**
Tejada Meza et September 2020 To analyse the impact of the COVID-19 epidemic outbreak on hospital stroke Prehospital Multicentre Spain
al 108 admissions and their characteristics in our region. and Hospital | observational
study
Tejada Meza et December 2020 To analyse the impact of the COVID-19 epidemic outbreak on reperfusion Prehospital Multicentre Spain
al. 104 therapies for acute ischaemic stroke in the northwest of Spain. and Hospital Retrospective
observational
study
Tejada Meza et June 2021 To analyse the effect of the COVID-19 pandemic on the 3-month functional Prehospital Multicentre Spain
al. 1 outcomes of patients hospitalised due to acute ischaemic stroke in Aragon and Hospital regional
(Spain). analysis
De Marchis et March 2022 To investigate changes in weekly admissions, clinical patient characteristics, Prehospital Multicentre- Switzerland
al.106 delivery of acute therapy and functional 3-month outcome amongst patients and Hospital center
with acute cerebrovascular events during the lockdown period compared to retrospective
rates from 2018 and 2019 based on the prospective Swiss Stroke Registry. analysis*
San et al.’%” May 2021 To evaluate the rate of EMS use after the COVID-19 pandemic. Prehospital Retrospective Turkey
study™
John et al.1%8 December 2020 To compare ischaemic and haemorrhagic stroke patterns with COVID-19 to non- Prehospital Single centre United Arab
COVID-19 controls and to describe changes in stroke admission patterns during and Hospital retrospective Emirates
the pandemic. observational
study
Aboul Nour et June 2021 To showcase our experience with emergency department stroke alerts and Prehospital Multicentre USA
al.1o? inpatient stroke admissions - comparing a time period before and a time period and retrospective
during the pandemic in a comprehensive stroke and thrombectomy capable Hospital cohort study
centers of a large tertiary health system in southeast Michigan and serving a
large African American population.
Clodfelder et April 2022 To examine potential differences in care for myocardial infarction and ischemic Prehospital Multicentre USA
al. 110 stroke during the pandemic compared to the year prior, specifically whether and retrospective
delay in care was occurring that may be deleterious to patient outcomes. Hospital cohort study
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Study Publication Date Aim Setting Design Country
Goldberg et February 2021 To evaluate the impact of coronavirus disease 2019 (COVID-19) on EM) use for Prehospital Retrospective USA
al. 1t time-sensitive medical conditions. analysis*
Greenwood et June 2021 To determine the impact COVID-19 had on hospital stroke patient volumes, Prehospital Retrospective USA
al. 112 prehospital stroke transport, hospital arrival times and treatment times for and single centre
patients evaluated as acute stroke alerts at the emergency room of Baptist Hospital two phase
Hospital of Miami. study
Jasne et al.113 September 2020 To quantify trends in stroke code calls and treatments at three Connecticut Prehospital Multicenter USA
hospitals during the local emergence of COVID-19 and examine patient and retrospective
characteristics and stroke process measures at a Comprehensive stroke Centre Hospital pre- and
before and during the pandemic. during-event
cohort analysis
Nguyen-Huynh October 2020 To compare temporal trends in volume of acute stroke alerts, patient Prehospital Multicentre USA
et al.1* characteristics, telestroke care and short-term outcomes pre-and post - shelter- and cohort study
in-place orders. Hospital
Satty et al.®® April 2021 To evaluate EMS responses in an EMS region when it experienced low to Prehospital Retrospective USA
moderate burden of COVID-19 disease to assess overall trends, response and review* (22
management characteristics and non-transport rates. EMS agencies)
Sharma et al.1%¢ February 2021 To quantify excess stroke-related deaths and characterise its association with Prehospital Retrospective USA
social distancing behaviour and COVID-19 related vascular pathology. and Hospital population
level-based
analysis*
Siegler et al.'¥” | August 2020 To evaluate the impact of the current COVID-19 pandemic on the number, Prehospital Single centre USA
etiologies, and severity of new acute ischaemic stroke diagnoses (according to and prospective
the National Institute of Health Stroke Scale) and the proportion of patients with | Hospital cohort study
acute large vessel occlusion in our tertiary centre.
Study Publication Date Aim Setting Design Country
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Siegler et al. 118 January 2021 To evaluate the effect of the coronavirus disease 2019 pandemic on systems of Prehospital Multicentre USA

care in the management of acute stroke. and Hospital retrospective
observational
registry study*

Velasco et al.**? January 2021 To examine the impact of the COVID-19 pandemic on acute stroke care at a non- | Prehospital Single centre USA
urban medical centre located in an area without widespread community and Hospital retrospective
transmission. review of

prehospital
quality
improvement
database

White et al.1?° July 2021 To assess the impact of COVID-19 on acute ischaemic stroke volume, Prehospital Multicentre USA
presentation, treatment, and outcomes at comprehensive stroke centers. and Hospital retrospective

review

" Carried out in a region/country using emergency medical services (EMS) or administrative data.

" Intervention with COVID-19.

""" No study design included in article.
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3.8.3 Time Periods

COVID-19 and comparison periods varied between studies, with most studies taking
place in 2020. Most studies included one COVID-19 wave only, with only two
studies®>®¢, including more than one wave. The definitions of the COVID-19 period
varied between studies, from the date of a lockdown to the first COVID-19 case in

the country. This information is displayed in Table 3.7.
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Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Cadbhilac First COVID- 01/01/2020 01/01/2019 | 30/06/2020 30/06/2019 | 181 181 8729 6127 9116 6802 Stroke
etal.”® 19 case - and TIA
January 25t Jan-Feb 2020 75 years
2020 75 years [ 64-83] [64-83]
Female:
1313 (43%) Female:
March-April 2020 4011
74 years [64-83] (44%)
Female:
1242 (44%)
May-June 2020
76 years [ 66-84]
Female: 2586 (45%)
Gardiner Lockdown 16/03/2020 28/01/2020 | 04/05/2020 15/03/2020 | 50 48 52 years [29-69] 7 Not 13 Stroke
etal.”* Females: 6399 included and TIA
(38%)
Ferron et Onset and 01/01/2020 * 01/01/2019 | 26/05/2020 26/05/2019 | 147 146 2255 717 3495 690 Stroke
al.”» establishment and TIA
phases of
pandemic
Grunua et | Lockdown - 15/03/2020 15/03/2019 | 15/05/2020 15/05/2019 | 62 62 1010 1010 1097 1097 Stroke
al.7¢ 15% March and TIA
2020
Yu et al.>* WHO 11/03/2020 01/01/2020 19/05/2020 10/03/2020 | 70 70 4242 1896 3544 1981 Stroke
declaration of 72 years [ 61-82]
COVID-19 as a Female: 72 years
pandemic on 1559 (44%) [ 62-82]
11t March Female:
20207 1835
(43.4%)
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Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Tan et Chongging 24/01/2020 24/01/2019 10/03/2020 10/03/2019 | 47 46 110 53 173 55 Stroke
al.”’? initiating a 68 years (+ 13)
first-level Female: 68 (+14)
response to 47 (42.7%) Female:
major public 63
health (36.4%)
emergencies
Wu et Lockdown 24/01/2020 24/01/2019 | 20/04/2020 20/04/2019 97 96 1281 694 2354 1226 Stroke
al.”8 65.7 years (£ 13.1) 66 years
Females: (£13.3)
427 (33.3%) Females:
771
(32.8%)
Charlton First United 02/03/2020 04/03/2019 | 31/05/2020 02/06/2019 91 91 16,743 1291 19,639 1534 Stroke
etal.”? Kingdom and TIA
COVID-19 No demographic No
fatality 5t details available demograp
March 2020 hic details
and lockdown available
239 March
2020
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
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start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Laukkane First COVID- 01/03/2020 01/03/2019 | 30/06/2020 30/06/2019 | 122 122 14320 588 60,256 2020 Stroke
n et al.° 19 wave * and TIA
59.1 years (+24.4) 58.9 years | (March-June
(£24.7) 2016-2019)
Female: 7227 Female:
(49.2%) 31,205
(50.3%)
Gil- Lockdown - 17/03/2020 01/01/2020 | 10/05/2020 16/03/2020 | 56 76 No demographic No No Not included Stroke
Jardiné et | 17t March details available demographic demograp and TIA
al.Bx % 1 2020 details available | hic details
* available
Pop et First month of | 01/03/2020 01/03/2019 | 31/03/2020 31/03/2019 | 31 31 122%*** 174 167**** 288 Stroke
al.82 the outbreak and TIA
- 17t March 65.5 years [ 49.2- 64 years
lockdown 78] [ 49-78]
Ikenberg Lockdown - 21/03/2020 01/01/2020 | 19/04/2020 20/03/2020 | 30 80 70 70 171 171 Stroke
etal.8® 21t March 73.8 years (+ 16) and TIA
2020 71 years
(£ 16)
Teo et First 23/01/2020 23/02/2019 | 24/03/2020 24/03/2019 | 62 61 73 73 89 89 Stroke
al.>¢ diagnosed 73.6 and TIA
COVID-19 70 (£16.2) (£13.1)
case in Hong Female: Female:
Kong 41(56.2%) 44
(49.4%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
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(days) (days) EMS patients brought by
(n), age, ambulance
sex
Libruder COVID-19 08/03/2020 01/01/2020 | 30/04/2020 07/03/2020 | 67 54 791 519 1469 887 Stroke
et al.8 restrictions 73.4 years [ 65.1- 74.2 years and TIA
82.3] [65.2-83]
Female: Female:
346(43.7%) 662
(45.1%)
Nacarrato | COVID-19 09/03/2020 09/03/2019 | 09/04/2020 09/04/2019 | 32 32 16 9 29 17 Stroke
etal.® national 78 years and TIA
quarantine - 77 years [67-81] [70-85]
9t March Female: Female:
2020 10(62.5%) 17
(58.6%)
Padroni et | COVID-19 *01/03/2020 01/03/2018 30/04/2020 30/04/2018 122 122 141 141 164 164 Stroke
al.8 wave 1and 3
01/04/2021 01/03/2019 | 01/04/2021 30/04/2019 March-April 2020: 75.7 years
73.3 years (+ 14.9) (£12.6)
March-April 2021:
76.4 years (+12.1)
Paolucci COVID-19 15/03/2020 15/03/2019 | 15/06/2020 15/06/2019 | 93 93 26 26 24 24 Stroke
et al.” wave 75.9 years (¥11) 75.9 years
(£11.9)
14 (54%) 12 (50%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
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sex

Zini et COVID-19 01/03/2020 01/03/2019 30/04/2020 30/04/2019 61 61 118 99 97 84 Stroke
al.®8 logistic and TIA
restrictions 72.9 years (+ 16.6) 76.6 years
put into place (£13.7)
by national Female: Female:
and local 56 (47.5%) 54
government (55.1%)
Tanaka et Beginning of 01/04/2020 01/04/2019 | 30/09/2020 31/03/2020 | 183 366 216 68 464 164 Stroke
al.% COVID-19 72 years and TIA
period -surge 71 years [60-78] [ 62-80]
in number of Female: Female:
COVID cases 78(36.1%) 159(32.3
in the %)
Prefecture
and timing of
declaration of
emergency
state
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Tani et State of 01/04/2020 01/04/2019 31/05/2020 31/05/2019 61 61 16,975 8853 19,709 9950 Stroke
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al.?® emergency
0-44 years: 242 0-44
45-54 years :752 years: 308
55-64 years :1508 45-54
65-74 years :3986 years: 916
75-84 Years :5846 55-64
85+ years: 4641 years:
1790
Female: 65-74
7234 (42.6%) year
5:4693
75-84
years:
6702
85+ years:
5300
Melaika et | National 16/03/2020 15/12/2019 16/06/2020 15/09/2020 93 92 251 204 468 289 Stroke
al.”t lockdown - and TIA
16t March 72.4 years (+12.9) 72.2 years
2020 (£13.5)
Female: Female:
151 (60.2%) 280
(59.8%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Blek et First COVID- 01/04/2020 01/04/2019 | 31/03/2021 31/03/2020 | 365 365 9544 9544 9378 9378 Stroke
al.> 19 restrictions and TIA
introduced by 72.8 years (+ 15.7) 73.1 years
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Polish Female: (£13.3)

government - 4102 (50%) Female:

15" March 4111

2020 (52%)
Kucap et First case in *15/03/2020 15/03/2019 | 15/05/2020 15/05/2019 | 62 62 No demographic No No No Stroke
al.”? Poland 4th details available demographic demograp | demographic | and TIA

March 2020 - details available | hic details | details

WHO available available

declaration of

COVID-19 as a

pandemic on

11t March

20222
Nadolny First months *15/03/2020 15/03/2019 | 15/05/2020 15/05/2019 | 62 62 No demographic No No No Stroke
etal.”® of the COVID details available demographic demograp | demographic and TIA

-19 details available | hic details | details

pandemic - available available

Polish Anti-

Crisis act and

restrictions
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke

COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or

start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex

Rodrigues 2" March *02/03/2020 01/02/2020 | 30/04/2020 29/02/2020 | 60 29 106 29 74 24 Stroke
et al.” 2020 - 1% and TIA

COVID case 72 years [65.6-82] 68.5 years

(March 2020) [59-82]
79 years [61-85] Female:
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(April 2020) 40
Female: (54.1%)
25 (38.5%)
(March 2020)
23 (56.1%)
(April 2020)
Kim et First case in 01/03/2020 01/03/2019 | 28/02/2021 28/02/2020 | 365 365 1441 1441 1570 1570 Stroke
al.?® Busan - 215t and TIA
February 69.4 years (+ 27.7) 68 years
2020 Female: (£13.6)
753(53.3%) Female:
Social 749(47.7
distancing %)
measures
introduced -
24t February
2020
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Lee et First COVID *18/02/2020 18/02/2018 | 17/04/2020 17/04/2018 | 60 118 134 106 399 251 Stroke
al.? case in Daegu and and
18/02/2019 17/04/2019 69.8 years (+ 12.1) 69.4 years
Female: (£12.7)
45 (33.6%) Female:
162
(40.6%)
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Park et Intervention - | 01/01/2020 23/03/2020 | 22/03/2022 31/12/2020 | 82 284 169,714 3296 50,049 948 Stroke
al.”’ government RRAAA K 18-64 and TIA
in Korea 18-64 years: 92,833 years:
implemented (54.7%) 26,519
emergency 65+ years: 76,881 (53%)
medical (45.3%)
center for Female: 65+ years:
critical care 83,393 (49.1%) 23,530
due to COVID- (47%)
19 Female:
24,807
(49.6%)
Seo et First COVID- 01/02/2020 01/02/2019 | 31/04/2020 31/04/2019 | 90 89 231 231 234 234 Stroke
al.”® 19 case in and TIA
Seoul - 25t 69.3 years (+ 11.5) 69.8 years
January 2020 Female: 79 (34.3%) (£12.1)
Female:
93
(39.7%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Montaner | COVID-19 16/03/2020 16/01/2020 | 31/03/2020 15/03/2020 | 16 60 No demographic 2 No 110 Stroke
etal.?”? national details available demograp and TIA
emergency hic details
and alarm available
state - 15t
March 2020
Ramirez- State of alarm | 15/03/2020 15/03/2019 | 10/05/202 10/05/2019 | 57 57 40 40 41 41 Stroke
Moreno - 15 March and TIA
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et al.10 2020 70.4 years (£2.7) 71.2 years
No information on (£3.5)
sex included No
informatio
n on sex
included
Ramos- Lockdown- 15/03/2020 26/01/2020 | 02/05/2020 14/03/2020 | 49 49 805 565 1033 664 Stroke
Pachon et | 15™ March and TIA
al. 101 2020 71.2 years (¥15) 71.6 years
Female: (£15)
334 (41%) Female:
480 (46%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Riera- Incidence of 01/03/2020 01/03/2019 | 08/05/2020 08/05/2019 69 69 303 303 345 345 Stroke
Lopez et COVID-19 and TIA
al.s infection 69.2 years (+ 15.1) 72.5 years
above the Female: (£13.5)
median of the 133 (43.9%) Female:
series chosen 179 (51.9%)
Rudilisso 28th February 01/03/2020 01/03/2019 31/03/2020 01/03/2019 31 31 68 57 83 73 Stroke
et al.10? 2020 - and TIA
contingency 69 years [64-73] 70 years [64-75] | 75 years 77 years [74-
plans Female: 30(44%) [73-80] 81]
introduced in Female:
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the hospital 37 (45%)
to contain the
COVID-19
pandemic
Tejada COVID-19- 14/03/2020 30/12/2019 | 03/05/2020 13/03/2020 | 51 75 304 164 492 222 Stroke
Meza et state of and TIA
al. 108 emergency in 74.3 years (£12) 74.1 years
Spain -14th Female: (+13.5)
March 2020 152 (50%) Female:
234(47.4
%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Tejada COVID-19- 14/03/2020 30/12/2019 | 19/04/2020 13/03/2020 | 37 75 79 32 275 90 Stroke
Meza et state of
al. 104 emergency in 78 years [ 67-85] 80 years
Spain - 14t >80 years: 32 [ 68-86]
March 2020 (40.5%) >80 years:
Female: 130
37 (59.5%) (47.3%)
Female:
132 (48%)
Tejada State of alarm | 14/03/2020 30/12/2019 | 04/05/2020 13/03/2020 | 52 75 93 34 225 75 Stroke
Meza et 14* March -
al. 105 21 June 2020 70.8 years (+ 14.5) 74.6 years
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-now in
second wave
at time of
writing

>80 years: 27 (29%)
Female:
38(40.9%)

(+13.4)

>80 years:

95
(42.2%)
Female:
105
(46.7%)

Study

Definition of
COVID-19

COVID-19
period start

Comparison
periods
start

COVID-19
period end

Comparison
period end

COVID-19
period
length
(days)

Comparison
period
length
(days)

COVID-19 period
patients (n), age,
sex

COVID-19
stroke patients
transported by
EMS

Comparis
on
Period
patients
(n), age,
sex

Comparison
period
patients
brought by
ambulance

Stroke
and/or
TIA

De
Marchis
et al. 106

Lockdown

13/03/2020

13/03/2019

*26/04/2020

26/04/2019

45

45

1487

75 years [ 63-83]
Female:
611 (41%)

710

3004

75 years
964-83]
Female:
1293
(43%)
(13
March-
26 April
2018/201
9)

1223

(13 March-
26 April
2018/2019)

Stroke
and TIA
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San et First COVID- 11/03/2020 11/03/2019 | 24/04/2020 24/04/2019 | 45 45 48,159 (all cases) Cerebrovascular | 43,851 Cerebrovascul | Stroke
al.xo7 19 casein disease - ar disease and TIA
Turkey - 11th 52.1 years (+24.2) 766 49.3years | - 789
March 2020 Female: (£25.6)
23,872 (49.6%) Female:
22,351
(51%)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
John et No specific 01/03/2020 01/03/2019 | 10/05/2020 10/05/2019 | 71 71 Ischaemic 31 Ischaemic | 7 Stroke
al 108 definition and TIA
130 109
First COVID- 57.5 years (+ 14.3) 58.4 years
19 case in Female: (£ 14.6)
United Arab 36 (27.69%) Female:
Emirates - 35(32.1%)
29 January Haemorrhagic
2020 Haemorrh
42 -agic
WHO 11 3
declared 48.9 years (+14.7) 26
COVID-19 as a Female:
pandemic on 14 (33.3%) 49.3 years
11t March (¥14.1)
20207 Female:
5(19.2%)
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Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke

COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or

start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex

Aboul Amended tier | 20/03/2020 20/03/2019 | 20/05/2020 20/05/2019 | 62 62 108 55 219 61 Stroke
Nour et one policy on and TIA
al. 107 Emergency 66.5 years

Care and 65.6 (years +14.2) (£14)

admissions of Female: 47 (44%) Female:

patients with 94 (43%)

acute

ischaemic

stroke and TIA

went into

effect system

wide to

address

resource use

optimisation

and exposure
risk reduction
during the
COVID-19
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pandemic

Clodfelder | During the 19/03/2020 19/03/2019 11/06/2020 11/06/2019 | 85 85 90 59 90** 52 Stroke
et al.10 COVID-19 and TIA
pandemic - 69 years + 17.5) 74 years (+

after WHO Female: 15.3)
11t March 29 (49.2%) Female:
2020 29 (55.8%
declaration?
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Goldberg 10t March 10/03/2020 10/03/2019 | 15/05/2020 15/05/2019 | 67 67 1970*** 40 2424 45.6 Stroke
et al.1! 2020 - and TIA
statewide 51.8 years [CI 51.7- 50.8 years
public health 52.0) [C150.7-
emergency Female: 50.9]
963 (48.9%) Female:
1256
(51.8%)
Greenwood | COVID-19 01/03/2020 01/12/2019 | 30/04/2020 31/01/2020 | 61 62 93 77 156 101 Stroke
et al.t?? safety
protocols 77 years [ 66-84] 73 years
introduced in Female: [61-83]
the hospital - 49 (53%) Female:
2" March 94
2020 (60.3%)
Jasne et First COVID- 01/03/2020 01/02/2020 | 28/04/2020 29/02/2020 | 59 29 211 123 167 102 Stroke
al.lt 19 cases in and TIA
neighboring 69 years [57-80] 71 years
states - 1° Female: [61-81]
March 2020 97 (55.7%) Female:
93
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(55.7%)

Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Nguyen - Shelter in 15/03/2020 01/01/2019 | 09/05/2020 14/03/2020 | 56 439 783 587 8337 5519 Stroke/TIA
Huynh et place order -
al. 14 15t March 69 years (+ 15.12) 68.8: (+
2020 Female: 402 15.78)
(52.1%)
Female:
4408
(52.9%)
Satty et First COVID- 15/03/2020 15/03/2019 15/05/2020 15/05/2019 | 62 62 16,082* **** 257 21,881 1162 Stroke
al.it 19 cases in * KKK K K 0-17 years: 0-17 and TIA
Pennsylvania - 635(4%) years:
7t March 18-64 years: 8125 4856(6.6
2020 (50.6%) %)
265 years: 7160 18-64
(44.5%) years:
Unknown: 152 (1%) 45,313
Female: 8422 (51.8%)
(52.4%) >65 years:
7160
(44.5%)
Unknown:
152(1%)
Female:
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47,207

(53.9%)
(Age and
gender for
15 March-
15 May
2016-
2019)
Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Sharma et | First height of | 01/03/2020 01/03/2019 | 16/05/2020 16/05/2019 | 78 77 No demographic 37,800% ****** No 37,400 Stroke
al.1%6 the pandemic information available demographic | x4k x ¢ and TIA
A information
- association available
with case
fatalities after
the first US
COVID-19
related death
on 29" Feb
2020
Siegler et First New 01/03/2020 01/10/2019 15/04/2020 29/02/2020 | 46 152 53 26 275 71 Stroke
al.tv’ Jersey
resident to 68 years (+15) 68 years
develop (£14)
COVID-19 - Female: Female:
15t March 23 (43%) 113 (41%)
2020
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Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
Siegler et No context 01/03/2020 01/03/2019 | 31/07/2020 31/07/2019 | 153 153 1464 1108 1491 898 Stroke
al.118 specific <50 years: <50
COVID-19 178/1451 (12%) years:
definition 50-69 years: 179/49
given 650/1451 (45%) (12%)
2 70 years: 50-69
623/1451 (43%) years:
Female: 602/1491
675/1451 (43%) (40%)
>70
years:
710/1491
(48%)
Female:
723/1491
(48%)
Velasco et | Height of 01/01/2020 01/01/2019 | 30/04/2020 30/04/2019 121 120 51 51 57 57 Stroke
al.tv? COVID-19in and TIA
the region 75.9 years (+ 18.9) 77.91
Female: years
22(43.5%) (£12.6)
Female:
32
(56.5%)
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Study Definition of COVID-19 Comparison | COVID-19 Comparison | COVID-19 | Comparison | COVID-19 period COVID-19 Comparis | Comparison Stroke
COVID-19 period start periods period end period end period period patients (n), age, stroke patients | on period and/or
start length length sex transported by | Period patients TIA
(days) (days) EMS patients brought by
(n), age, ambulance
sex
White et COVID-19 01/03/2020 01/01/2020 | 30/04/2020 29/02/2020 | 61 60 100 34 199 60 Stroke
al.120 peak - first
positive case 18-39 years: 18-39
in New York 4(2.8%) years: 0
City - 1% 40-59 years: 20 (0%)
March 2020 (20%) 40-59
60-79 years: 46 years: 39
(46%) (19.6%)
80+ years: 32 (32%) 60-79
Female: years: 88
44 (44%) (44.4%)
80+ years:
72
(36.2%)
Female:
106
(53.3%)

Key: Cl: Confidence interval, [x, y]: IQR

*More than one time comparison.

***Calls for cardiac emergencies per day.

*****Some children included in the sample.

*xREE**Figures were estimated from graph in supplementary material.

**90 transports for stroke alerts 52/59 were confirmed stroke.

****Age only available for those with final diagnosis of stroke/mimic.

******Intervention included.

FakaExE* 21,881 - per year




3.8.4 Interventions During COVID-19

Three studies®®?37 included interventions introduced during COVID-19, restriction

of the emergency stroke care pathway and a new triage system for emergency calls.

3.8.5 Ambulance intervals terminology and definitions

Ambulance intervals were reported by 11 studies. Definitions and terminology varied
internationally (table 3.8 and 3.9). Activation interval was the least commonly

reported (n = 2), and patient care interval was the most often reported (n = 10).
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Table 3.8 - Comparison of ambulance time intervals used in included studies compared to definitions of activation time interval, response time

interval, and patient care intervals used in this review

28,59

Study

Activation interval

Response interval

Patient care interval

Total prehospital interval

Blek et al. 2022>

Not included

“Contact” not scene arrival

“Contact” not scene arrival

“Hospital admission” not
“hospital arrival”

Clodfelder et al. 2020*° Not included Not included “Contact” not scene arrival Not included
Lee et al. 20217 Not included *No start time given Definition match Not included
Laukkanen et al. 20218° Two separate intervals “Driving from ambulance “Time patient encountered”
station” not “receipt of call” | rather than scene arrival and
Dispatch interval starts at “beginning of Not included
“alarm message” transportation” rather than
“hospital arrival”
Ramos-Pachon et al. 2021 Not included Definition match Not included Not included
Velasco et al. 2021%? Not included Definition match Not included “Dispatch” not “call”
Padroni et al. 20228 Not included Definition match Definition match Not included

Seo et al. 202278

“Call centre” not call receipt
to “safety centre” not “fully
mobilized ambulance”

“Safety centre” not “receipt
of call”

On scene and transport
time intervals combined

Not included

Kim et al. 2021%°

“End of call” not
“mobilisation of ambulance”

“End of call” not “receipt of
call”

Definition match

Definition match

Paolucci et al. 202287

Not included

Not included

Not included

Definition match

Park et al. 202277

“After call does not call”

“After call does not call”

Definition match

Definition match

Colour key:

interval not included in study,

very different (start and end point don’t match),

definition matches definition used in this review ( start and end point match)

122

close but incomplete match (start or end point don’t match) , green: ¢




Table 3.9 - The definitions of ambulance intervals used in included articles

Study

Activation interval

Response interval

Patient care interval

Total prehospital interval

Blek et al. 2022°° Not included Time from call to contact Time from contact to Time from call to hospital admission
hospital admission
Clodfelder et al. 2020*1° Transportation time Not included
Not included Not included
Time from contact to
hospital
Lee et al. 20217 On scene arrival time Scene arrival to door time Not included
Not included
[no start time for interval
given in paper]
Laukkanen et al. 2021% Emergency call to dispatch Time en-route Time at scene Not included
Time between the beginning
of the emergency call and an
alarm-message transmitted
to the ambulance crew by
emergency call center
(112/911 etc...).
Dispatch time Time spent driving from the | Time between patient
ambulance station to the encountered by EMS crew
Time between the alarm- scene and the beginning of the
message received by transportation / or
ambulance crew and the ambulance leaving without
moment when the transportation
ambulance crew actually
responds and starts driving
towards the scene.
Ramos-Pachon et al. 20211 Not included EMS alert to EMS assistance Not included Not included

Moment when EMS arrival
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at the scene

Velasco et al. 2021

Not included

Not included

Time on scene

Dispatch to Emergency Department (ED)

Padroni et al. 20228¢

Not included

Call to scene time

Scene to hospital arrival

Not included

Kim et al. 2021%°

Call time

Response time

Scene time

From EMS arrival at the
scene to EMS departure from
the scene

Start of the call to the end of
the call

Time elapsed from the end
of the call to EMS arrival at
scene

Transport time

From EMS departure from
the scene to EMS arrival at
Emergency Department (ED)

EMS processing time - patient’s call to ED
arrival

Paolucci et al. 202287

Not included

Not included

Not included

Call to door

Seo et al. 20227

Dispatch time

Response time

On scene

Arrival to departure from
scene

Transport time

Departure from scene to
emergency department

EMS call center to safety
center

From safety centre to arrival
at scene

Not included

Park et al. 202277

Activation time

Response time

On-scene time

Total time between emergency call and
arrival at the hospital - total prehospital
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Time spent on scene by EMS

Time required for EMS to
deploy after emergency call

Includes the AT and the time
to get to the scene of
accident

Transport time

Time from departing scene
to arrival at the hospital

time

Colour key:

interval not included in study
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3.8.6 Ambulance intervals and call volume meta-analysis

We included ten studies in the ambulance intervals meta-analyses (Figure 3.2) and
52 studies in the call volume meta-analyses (Figure 3.3). For the meta-analyses, the
pre-COVID-19 period was compared to the COVID-19 period. As a result, a negative
value for the mean difference indicates shorter mean intervals in the pre-COVID-19

period, thus longer intervals in the COVID-19 period.
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(a)

Pre - Covid Covid Mean Difference Weight
Study N Mean SD N  Mean SD with 95% CI (%)
Kim etal. 2021 1,570 2.33 0.74 1441 2.33 074 * 0.00(-0.05, 0.06] 50.46

231 233 075 —
e —5- -0 08, (,33]

Ram Seoetal. 2022 234 1.67 0.75 -0.66[-0.80, -0.53] 49.54

Overall

Heterogeneity: 1 = 0.22, I = 98.76%, H' = 80.52
Testof 8 =8 Q(1)=80.52, p=0.00
Testof8=0:2=-098,p=033

Random-effects REML model
(c)
Pre - Covid Covid Mean Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zinietal. 2020 97 532 3B 118 44 26 —W———  920[ 054 1786] 1596
Teoet al. 2020 89 2467 15.07 73 26 121 —.— -1.33[ -5.61, 294] 22585
Lee etal. 2021 251 25 2535 106 3067 27.06 + -567[-11.54, 021] 20.34
Blek et al. 2022 9378 39 3411 9544 47 4448 . -8.00[ -9.13, 6.87) 26.25
Padronietal. 2022 164 3943 3141 57 4043 3346 -1.00[-10.63, 863] 1459
Overall 223[ -1.72, 325
Heterogeneity: 122947, = 84.85%, H' = 6,60
Testof 6 =6 Q(4) = 24.78,p = 0.00
Testof 6=0:z=-0.80,p =042
T T 1
10 0 10 20

Random-effects REML model

(b)
Pre - Covid Covid Mean Difference ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Zinietal. 2020 97 154 402 118 129 58 250(-4.84, 984] 137
Ramos-Pachon2021 664 8333 5201 565 § 4458 . 0.33[-021, 0.88] 14.60
Kim et al. 2021 1570 6 2988 1441 7 2968 l -1.00[-1.21, 079 1530
Leeetal 2021 170 7667 2991 86 1067 4.524 -.- -3.00[-3.93, -2.07 1326
Blek etal. 2022 9378 1167 5931 9544 1433 B8.156 . -267(-2.87, -2.46) 1531
Park et al. 2022 948 9333 372 3296 9667 445 . <0.33[-064, 0.02] 1515
Padonietal 2022 184 1458 57%6 57 1567 534  —JH 41.08[-279, 063 991
Ram Seo et al. 2022 234 7 1492 231 8667 2238 . -167[-2.01, -1.32] 15.09
Overall & 4.29[-2.19, 038
Heterogeneity: T = 1.7, I = 97.50%, H' = 30.09
Testof 6=6; Q(7) = 257.22, p=0.00
Testof8=0:2=-2.80,p=0.01
r 1
5 0 10
Random-effects REML model
(d)
Pre - Covid Covid Mean Difference ~ Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Blek et al. 2022 9378 52 20.02 9544 6333 2743 l -11.33[-12.02, -10.65] 26.66
Velasco et al. 2021 57 45 1141 51 51 1297 —W—— -8.50[-13.10, -3.90] 20.26
Kim et al. 2021 1,570 2967 1039 1441 33 1187 l 333 413, -2.54] 2660
Park et al. 2022 948 3167 1336 3296 3467 13.35 E § -300[ -396, -2.04] 2648
Overall —ll— 6.42[-10.60, -2.25)
Heterogeneity: 1° = 16.89, I = 98.55%, H’ = 68.85
Testof =8, Q(3) = 301.24, p=0.00
Testof 6=0:2=-3.02, p=0.00
r— T 11
-15 -10 -

. Random-effects REML model

Figure 3.2 - Forest plots of (a) activation time interval, (b) response time interval, (c) patient care time interval, and (d) total

prehospital time interval before and during the COVID-19 pandemic

*Intervals compared before and after the COVID-19 pandemic; a negative value indicates a shorter interval in the pre-COVID-19

period, and a longer interval in the COVID-19 period.



IRR Weight
Study with 85% CI (%)

Aboul Nour et al. 2021
Blek et al. 2022
Cadhilac et al. 2021
Charlton et al. 2021
Clodfelder et al. 2022
De Marchis et al. 2022
Ferron et al. 2021
Gardiner et al. 2020
Gil-Jardiné et al. 2021
Goldberg et al. 2021
Greenwood et al. 2021
Grunua et al. 2021
lkenberg et al. 2021
Jasne et al. 2020
John et al. 2020

Kim et al. 2021

Kucap et al. 2020
Laukannen et al. 2021
Lee et al. 2021
Libruder et al. 2021
Melaika et al. 2021
Montaner et al. 2020
Naccarato et al. 2020
Nadolny et al. 2020
Nguyen-Huynh et al. 2020
Padroni et al. 2022
Paolucci et al. 2022
Park et al. 2022

Pop et al. 2020
Ramirez-Moreno et al. 2021

0.10[-0.28, 0.49] 187
0.02[-0.05, 0.01] 2.11
0.10[ 0.07, 0.14] 2.1
0.17[ 0.10, 0.25] 2.10
0.13[-0.26, 052] 185
054 0.45, 0.64] 2.09
0.03[-0.14, 0.07] 2.09
0.66[-0.38, 1.70] 1.07
0.00[-0.32, 0.31] 194
0.13[ 0.08, 0.18] 2.10
0.26[-0.05, 0.56] 1.94
0.08[ 0.01, 0.15] 2.10
0.09[-0.38, 0.20] 1.96
048[ 0.27, 0.68] 2.03
1.44[-2.19, -0.68] 1.40
0.09[ 0.01, 0.16] 2.10
0.07[ 0.04, 0.10] 2.11
1.23[ 1.14, 1.33] 2.09
0.19[-0.05, 042] 2.01
0.75[ 0.64, 0.86] 2.09
0.36[ 0.18, 0.54] 2.05
269[ 0.97, 440] 0.58
0.64[-0.26, 1.54] 122
0.07[ 0.04, 0.10] 2.1
0.18[ 0.10, 0.27] 2.10
0.15[-0.08, 0.38] 2.01
0.08[-0.68, 0.52] 1.60
249[-256, -2.42] 2.10
0.50[ 0.31, 0.70] 2.04
0.02[-0.44, 049] 177
0.16[ 0.05, 0.28] 2.09
0.13[-0.03, 0.29] 2.06
0.54[-0.04, 1.12] 162
0.25[-0.11, 0.61] 1.89
0.03[-0.07, 0.13] 2.09
1.51[ 1.37, 1.65] 2.07
0.02[-0.16, 0.21] 2.05
0.02[ 0.01, 0.04] 2.11
0.21[-0.30, -0.12] 2.09
0.19[-0.67, 0.28] 1.75
047[ 0.23, 0.72] 2.00
0.19[-0.11, 0.48] 1.96
0.12[ 0.09, 0.15] 2.11
0.42[-0.00, 0.85] 1.81
0.08[-0.28, 0.13] 2.03
0.33[-0.10, 0.75] 1.82
0.21[-0.11, 0.54] 1.93
0.12[-0.28, 0.52] 1.85
0.58[ 0.14, 1.03] 1.79

Ramos- Pachon et al. 2021
Riera-Lépez et al. 2021
Rodrigues et al. 2021
Rudilisso et al. 2020

San et al. 2021

Satty et al. 2021

Seo et al. 2022

Sharma et al. 2021

Siegler et al. 2021

Siegler et al. Aug 2020

Tan et al. 2021

Tanaka et al. 2021

Tani et al. 2021

Tejada Meza et al. 2021
Tejada Meza et al. Dec 2020
Tejada Meza et al. Sept 2020
Teo et al. 2020

Velasco et al. 2021

White et al. 2021

Wu et al. 2020 0.58[ 049, 0.67] 209
Yu et al. 2021 0.04[-0.02, 0.11] 2.10
Zini et al. 2020 0.16[-0.14, 047] 195
Overall 0.17[ 0.02, 0.33]

Heterogeneity: 1° = 0.29, I = 99.59%, H’ = 241.84
Test of 6 = 6;: Q(51) = 6412.63, p = 0.00
Testof ©=0:z2=2.24,p=0.03

Random-effects REML model

Figure 3.3 - Forest plot of call volume represented as log of incidence rate
ratio per day
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3.8.6.1 Ambulance time intervals

Activation interval

There was no statistically significant difference in activation interval between pre-

COVID-19 and COVID-19 periods (-0.33 min [-0.98 to 0.33]) (Figure 3.2a).

The mean difference between pre-COVID-19 and COVID-19 periods was higher
among areas with COVID cases >1,000 per million (-0.66 [-0.80 to -0.53]) compared

with <1,000 per million (0.0 [0.05 to 0.06]).

The mean difference between pre-COVID-19 and COVID-19 periods was higher
among areas with COVID-19-deaths <200 per million (-0.66 [-0.80 to -0.53]) com-

pared with >200 per million (0.0 [0.05 to 0.06]).

The mean difference between pre-COVID-19 and COVID-19 periods was higher

among areas with COVID-19 related ICU admissions <2 per million (-0.66 [-0.80 to-

0.53]) compared with >2 per million (0.0 [-0.05 to 0.06]) (Appendix 3.7 and 3.8).

Response Interval

The mean response interval was significantly shorter in the pre-COVID-19 period

compared to the COVID-19 period (-1.29 min [-2.19 to -0.38]) (Figure 3.2b).

The mean difference in response interval between pre-COVID-19 and COVID-19

periods was higher among areas with COVID-19 cases >6,000 per million (-2.67 [2.87
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to -2.46]) compared with <2,000 per million (-1.44 [-2.49 to -0.38]).

The mean difference in response interval between the pre-COVID-19 and COVID-19
periods was higher among areas with COVID-19 related deaths >6,000 per million

(-2.67 [-2.87 to- 2.46]) compared with 0-500 per million (-1.44[-2.49 to -0.38]). The
definitions of response interval (-1.08[-2.87 to -2.46]) and emergency call volume
also had a significant moderation of difference in response interval between the two

periods (Appendix 3.9 and 3.10).

Patient Care Interval

Overall, there was no statistically significant difference in mean patient care interval
between pre-COVID-19 and COVID-19 periods (-2.23 min [-7.72 to 3.25]) (Figure
3.2c). However, areas with COVID-19 hospitalisations <300 per million indicated
significant moderation of difference in patient care interval between pre-COVID-19

and COVID-19 periods.

The mean difference in patient care interval between pre-COVID-19 and COVID-19
periods was higher among areas with COVID-19-hospitalisations <300 per million -
8.00[-9.13 to -6.87]) compared with >300 per million (4.33[-5.66 to 14.31]) (Appendix

3.11 and 3.12).

Total Prehospital Interval

The mean total prehospital interval was significantly shorter in the pre-COVID-19
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period compared to the COVID-19 period (-6.42 min [-10.60 to -2.25]) (Figure 3.2d).

Europe had the highest increase in total prehospital interval (-11.33 [-12.02 to -
10.65]), followed by North America (-8.50 [-13.10 to -3.90]), and Asia (-3.20 [-3.81 to
-2.58]). The increase in total prehospital interval rose with an increase in the volume
of COVID-19 cases (-6.42 [-10.6 to -2.2]), COVID-19 deaths (-5.90 [-11.24 to -5.5]),

and COVID-19 ICU admissions (-5.90 [-11.24 to -5.5]) (Appendix 3.13 and 3.14).

3.8.6.2 Narrative Description of Ambulance Intervals

Clodfelder et al.'*® reported mean transport interval of 21.78 min in 2019 (pre-
COVID-19) compared to a mean of 20.59 min in 2020 (COVID-19) (Cl -0.76 to 3.14).
Results of studies that reported patient care interval as two separate
variables? 798119 can be found in Appendix 3.15.

3.8.6.3 Observed Differences in Suspected Stroke/TIA Call Volume Between the Pre-COVID-

19 Period and COVId-19 Period

The meta-analysis indicated a significantly higher incidence rate during the pre-
COVID-19 period compared with the COVID-19 period (log IRR = 0.17 (0.02 to 0.33)).
Specifically, the incidence rate during pre-COVID-19 was 1.19 times (1.02 to 1.39)
the incidence rate during the COVID-19 period (16.00% reduction in the incidence
rate) (Figure 3.3). Mean call volume per day for suspected stroke/TIA before and

during the COVID-19 period are included in Table 3.10.
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Table 3.10 - Mean number of suspected stroke/TIA calls per day pre-COVID-19 and

during COVID-19

Study Pre-COVID-19 COVID-19
Aboul Nour et al. 20211%° 0.98 0.89
Blek et al. 2022% 25.69 26.15
Cadhilac et al. 202172 37.58 33.85
Charlton et al. 202177 16.86 14.19
Clodfelder et al. 2022110 0.69 0.61
De Marchis et al. 202210 27.18 15.78
Ferron et al. 20217° 4.73 4.88
Gardiner et al. 202074 0.27 0.14
Gil-Jardiné et al. 20218! 1.30 1.30
Goldberg et al. 2021? 45.60 40.00
Greenwood et al. 2021112 1.63 1.26
Grunua et al. 20217¢ 17.69 16.29
Ikenberg et al. 2021 2.14 2.33
Jasne et al. 202011° 5.76 3.58
John et al. 202008 0.14 0.59
Kim et al. 2021%° 4.30 3.95
Kucap et al. 202072 165.29 153.69
Laukannen et al. 2021% 16.56 4.82
Lee et al. 20217 2.13 1.77
Libruder et al. 20218 16.43 7.75
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Study Pre-COVID-19 COVID-19
Melaika et al. 2021%* 3.14 2.19
Montaner et al. 20207 1.83 0.13
Naccarato et al. 20208 0.53 0.28
Nadolny et al. 2020%° 165.29 153.69
Nguyen-Huynh et al. 20204 12.57 10.48
Padroni et al. 20228 1.34 1.16
Paolucci et al. 2022% 0.26 0.28
Park et al. 202277 3.34 40.23
Pop et al. 202082 9.29 5.61
Ramirez-Moreno et al. 0.72 0.70
202110

Ramos- Pachon et al. 2021%°! | 13.55 11.53
Riera-Lopez et al. 202153 5.00 4.39
Rodrigues et al. 2021%4 0.83 0.48
Rudilisso et al. 2020102 2.35 1.84
San et al. 2021%7 17.53 17.02
Satty et al. 2021115 18.74 4.15
Seo et al. 2022%8 2.63 2.57
Sharma et al. 20216 490.91 479.487
Siegler et al. Aug 2020 0.47 0.565
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Study Pre-COVID-19 COVID-19
Siegler et al. 202118 5.87 7.242
Tan et al. 202177 3.76 2.340
Tanaka et al. 2021%° 0.45 0.372
Tani et al. 20217 163.11 145.131
Tejada Meza et al. Sept 1.20 0.865
20201

Tejada Meza et al. Dec 2.96 3.216
2020104

Tejada Meza et al. 20211 1.00 0.654
Teo et al. 2020°¢ 1.46 1.177
Velasco et al. 2021 0.48 0.421
White et al. 20212 1.00 0.557
Wu et al. 202078 12.77 7.155
Yu et al. 20214 28.30 27.086
Zini et al. 202088 1.62 1.377
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Definitions of emergency call volume in included studies can be found in appendix
3.16.

The volume of COVID-19 hospitalisations, COVID-19 deaths, and COVID-19 related
ICU admissions indicated significant moderation of call volume between pre-COVID-

19 and COVID-19 periods (Appendix 3.17 and 3.18).

3.8.7 Publication Bias

Funnel plots for ambulance time intervals and call volume can be found in Appendix
3.19 and 3.20. Asymmetry of the funnel plots for response, patient care, total

prehospital intervals, and call volume suggest possible publication bias.

3.8.8 Appraisal of the Quality of Included Studies

Results of the critical appraisal assessment can be found in Appendix 3.21. Most
studies performed well in terms of measuring outcomes and comparability of groups
in the exposure and control group, but there were shortcomings in identifying and

adjusting for confounders.

3.8.9 GRADE Summary of Findings Table

Overall quality of the cumulative evidence of statistically significant outcomes was

considered to be low-very low. The GRADE table can be found in Appendix 3.22.
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3.9 Discussion

This study summarised available evidence on the effect of the COVID-19 pandemic
on prehospital care for suspected stroke/TIA. COVID-19 cases, deaths, ICU, and
hospitalisation numbers seemed to have moderated these findings. These findings
are consistent with studies that report that severity of COVID-19 outbreaks can

increase the detrimental impact on prehospital care of stroke/TIA83101,

Although we observed a statistically significant mean increase in response and total
prehospital intervals during COVID-19, evidence on specific parameters for clinical
significance in this domain appear to be lacking. However clinical significance could
be implied as stroke and TIA are time-sensitive conditions. As 1.9 million neurons are
lost per minute in a typical large vessel, supratentorial acute ischemic stroke,
expediency is proven to optimise clinical and functional outcomes*?!. As stroke/TIA
are usually classified as higher-level responses within the context of emergency care,
the standard time window for each interval is relatively short. As a result, even

seemingly short periods of time could have clinical significance.

Studies reported that prehospital delays could have resulted from increased EMS
workload during the pandemic>>889%96.99.100119  The donning and doffing of PPE,
ambulance decontamination procedures between patients, and other infection
prevention and control processes could have increased ambulance intervals
5588,95,96.9899.119  Also, in some locations searching for receiving hospitals with

sufficient capacity increased prehospital delays®>®9611%  One study reported
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decreased numbers of general ambulances and the introduction of COVID-19 specific
ambulances during the pandemic’®. Despite the life-threatening nature of
cerebrovascular conditions, multiple studies report that patients were still reluctant
to contact EMS due to the fear of contracting COVID-194344:485579.8688.95 CcOVID-19
related restrictions, such as social distancing and travel restrictions, may have
resulted in the absence of witnesses to stroke®. Furthermore, individuals with minor
stroke/TIA may not have considered their symptoms as serious or worrisome enough
to call an ambulance during a pandemic®®°%>¢. However, one study from Spain
reported that patients could not contact the EMS call centre as the system was
overwhelmed?!??, Most studies recommend an increased effort to raise awareness of
the importance of seeking timely care for stroke/TIA regardless of health care

crises8®120,

We found significant heterogeneity between studies when ambulance intervals and
call volume were pooled in a meta-analysis. This can largely be explained by
systematic differences between studies. When we carried out subgroup meta-
analyses, including studies with common characteristics, we found a reduction in
heterogeneity and variance. In term of ambulance time intervals, different locations,
severity of the COVID-19 outbreak in an area (investigated using COVID-19
cases/million, COVID-19 deaths/million, COVID-19 ICU cases/million, COVID-19
hospitalisations/million), location of stroke diagnosis, and duration of the COVID-19
period seemed to have increased heterogeneity. In terms of call volume, the location

of stroke diagnosis, definition of call volume, income level of the country, and
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severity of COVID-19 outbreak seemed to have increased heterogeneity.

Asymmetry of the funnel plots for response, patient care, total prehospital interval,
and call volume, may suggest possible publication bias. However, other factors may
also have contributed to observed asymmetry. The broad range of results from the
critical appraisal of studies and the result of the GRADE process indicate that study
quality varies. Quality of included studies, in terms of design and statistical analysis,
can influence the symmetry of funnel plots. True heterogeneity can also be a factor.
As previously discussed, high levels of heterogeneity are observed between included
studies when pooled in meta-analyses. Sample sizes vary between studies, which

may also contribute to this observation 22,

The ambulance time intervals chosen?® for this review captured key intervals within
the prehospital phase of care and were chosen on the recommendation of expert
stakeholders. Terminology varied between studies. Definitions of ambulance time
intervals also differed across articles, with intervals being measured from differing
beginning and endpoints. Furthermore, terminology surrounding prehospital care
and call volume were heterogenous across the literature. The range of terminology
used internationally was challenging to comprehend and synthesise, thus expert
stakeholder involvement was critical throughout. Statements of definitions in articles
and in the longer-term harmonisation or alignment of international definitions would

facilitate optimal international comparison.
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A systematic review and meta-analysis were chosen as the most appropriate
methodological approach for this review, given its aim to synthesise international
evidence on prehospital time intervals and call volume during COVID-1912413> This
approach enables the identification and investigation of variations and conflicting
findings across studies, supports the generation of evidence-based
recommendations, and informs future research and planning for healthcare crises?4.
While a scoping review was initially considered—given its strength in mapping key
concepts, summarising available literature, and identifying knowledge gaps—it was
deemed less suitable for the specific objectives of this review!?*. As prehospital time
intervals and call volume are internationally recognised key performance indicators,
a systematic approach with quantitative synthesis was better positioned to evaluate
trends, assess heterogeneity, and produce findings that can directly inform decision-

making and policy development!?4125,

3.9.1 Strengths and Limitations

Our review had several strengths. We followed a prepared protocol, conducted a
robust systematic search including forward and backward citation chaining, and

involved PPI contributors and expert clinical stakeholders throughout the process.

However, our review also had limitations. For the fourteen papers focusing on
prehospital stroke/TIA care alone, the stroke/TIA cases relied on dispatch or EMS
clinician impressions. Thus, no clinical diagnoses were confirmed, so these studies
solely focused on suspected stroke/TIA. However, as this review focuses on the
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prehospital response to suspected stroke and TIA, these studies are appropriate to
include as they offer insight into the system response during the COVID-19 pandemic.
Most studies included in this review were observational. Some studies recognised
and adjusted for confounders, however residual and unmeasured confounding was
of concern in other studies, which did not consider confounders such as traffic
volume and urban/rural locations?. For these reasons, the power of the cumulative
evidence is low. Also, as the COVID-19 pandemic is a rapidly changing phenomenon,
further evidence may emerge outside the timeline of this review. However, the
inclusion of citation chaining, and the time covered means that the first two years of

the pandemic period were captured in this study.

3.9.2 Future Research

The current literature focuses on high-income countries, early pandemic waves, and
effects of the pandemic on healthcare systems. Future research may include
investigations into targeting cohorts reluctant to present during crises. Qualitative
research with stroke and TIA survivors/carers would allow exploration of hesitation
to present to hospital during health crises, and potential effects of patient
education/public health messaging around cerebrovascular diseases. Also, research
comparing multiple waves of the pandemic is required, in a variety of countries with
different social, structural, and economic characteristics to track any persistent

effects and encourage policymakers and clinicians to formulate appropriate future
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action.

3.10 Conclusion

Our findings demonstrate that response interval and total prehospital interval
increased for suspected adult stroke/TIA cases during the COVID-19 pandemic. Also,
emergency call volume for suspected stroke/TIA deceased during the pandemic.
Harmonisation of the terminology and definitions for ambulance intervals would
facilitate optimal international comparison. Future research may seek to understand
the reasons behind these findings, in order to minimise prehospital delays for

suspected stroke/TIA in future pandemics or other health care crises.
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4.1 Abstract

Objectives

Time is a fundamental component of acute stroke and transient ischaemic attack
(TIA) care. Thus, minimising prehospital delays is a crucial part of the stroke chain of
survival. COVID-19 restrictions were introduced in the Republic of Ireland in response
to the pandemic, which resulted in major societal changes. However, current
research on the effects of the COVID-19 pandemic on prehospital care for stroke/TIA
is limited to early COVID-19 waves. Thus, we aimed to investigate the effect of the
COVID-19 pandemic on ambulance time intervals and suspected stroke/TIA call
volume for adults with suspected stroke and TIA in the Republic of Ireland, from 2018

to 2021.

Design

We conducted a secondary data analysis with a quasi-experimental design.

Setting

We used data from the National Ambulance Service in the Republic of Ireland. We
defined the COVID-19 period as “1t March 2020 - 31% December 2021” and the pre-

COVID-19 period as “1% January 2018 - 29" February 2020”.

Primary and secondary outcome measures

We compared five ambulance time intervals: “allocation performance”,
[{4 1 M ”n {3 M n [{§ M n {3
mobilisation performance”, “response time”, “on scene time” and “conveyance

time” between the two periods using descriptive statistics and regression analyses.
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We also compared call volume for suspected stroke/TIA between the pre-COVID-19
and COVID-19 periods using descriptive statistics and interrupted time series

analysis.

Participants

We included all suspected stroke/TIA cases 218 years who called the National

Ambulance Service from 2018 to 2021.

Results

40,004 cases were included: 19, 826 in the pre-COVID-19 period and 20,178 in the
COVID-19 period. All ambulance time intervals increased during the pandemic period

compared with pre-COVID-19 (all p<0.001).

Conclusions

A “shock” like a pandemic has a negative impact on the prehospital phase of care for
time-sensitive conditions like stroke/TIA. System evaluation and public awareness
campaigns are required to ensure maintenance of prehospital stroke pathways
amidst future healthcare crises. Thus, this research is relevant to routine and

extraordinary prehospital service planning.
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4.2 Introduction

Prehospital care is emergency medical care given to patients before arrival at hospital
after activation of EMS®. Time is a fundamental component of acute stroke care?.
Prehospital management of stroke aims to shorten time to stroke diagnosis and
treatment by following the stroke chain of survival®#. This can be summarised using
the “8Ds”: detection, dispatch, delivery, door, data, decision, drug/device and
disposition®. Prehospital practitioners engage in the first four steps of this process®.
Administration of treatments available for ischaemic stroke, such as thrombolysis, is
time-sensitive®. Thus, minimising the time window between symptom onset to

treatment reduces the occurrence of rapid and irreversible neurological damage?®.

However, EMS can face challenges in this context, including extraction, patient
access, communication and accurate identification of cerebrovascular disease’-8.
From the patient perspective, prehospital delays can result from a delay in
recognising the relevance of symptoms and in raising the alarm by the patient or
bystander witnessing the stroke®. Due to the time-dependent nature of interventions
for stroke/TIA, it is imperative that stroke/TIA survivors present to hospital as soon

as possible after symptoms develop’.

The WHO classified COVID-19 as a pandemic on 11" March 2020%°. The first
confirmed case of COVID-19 in the Republic of Ireland was notified on 29 February
2020, Thereafter, the Republic of Ireland experienced five waves of COVID-19%2.
The first wave began on 1 March 2020 and the fifth on 19" December 20212

Throughout March 2020, a suite of non-pharmacological interventions was
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introduced by the Republic of Ireland’s government to contain the virus>,

Subsequently the first lockdown was enforced on 27 March 2020*34, On 1%t May
2020, the Taoiseach (Prime Minister) announced a roadmap for the five-phased
reopening of society’®. After almost 2 years of COVID-19 measures, the government
removed most restrictions on 28™ February 2022%. The removal of the mask
mandate in healthcare settings occurred on 19t April 2023Y. Thereafter, on 5" May
2023, the WHO determined that COVID-19 no longer qualified as a public health

emergency of international concern®.

Thus, the COVID-19 pandemic, including the changes mentioned above, has
disrupted healthcare systems, placing considerable strain on medical resources,
while also inducing notable shifts in social norms and behaviours!”2%. Furthermore,
the WHO and many international reports have acknowledged the wide-ranging
impact of the pandemic on stroke services and marked decline in acute stroke
presentations!”2%. Patients may have been hesitant to call an ambulance during the
pandemic due to fear of contracting COVID-19%2. Prehospital delays have occurred
for stroke/TIA patients during the COVID-19 pandemic, which can impact on later
stages of the acute stroke pathway??2%%, However, there are no national studies to
date on whether suspected stroke/TIA ambulance time intervals and call volume in

the Republic of Ireland changed before and during the COVID-19 pandemic.
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4.2.1 Aims

We aimed to investigate the effect of the COVID-19 pandemic on ambulance time
intervals and emergency call volume for adults with suspected stroke/TIA in the

Republic of Ireland, from 2018 to 2021.

4.3 Ethics approval

Ethical approval was granted by the Clinical Research Ethics Committee of the Cork

Teaching Hospitals ECM 4 (h) 05/04/2022 & ECM 3 (v) 28/03/2023 (appendix 4.1).

4.4 Methods

4.4.1 Study design

We conducted a secondary data analysis with a quasi-experimental design using data
from the NEOC of the NAS in the Republic of Ireland**%>. We followed the
Transparent Reporting of Evaluations with Nonrandomized Designs (TREND)

checklist when reporting this study?.

4.4.2 Data source

NAS is the statutory prehospital emergency care provider in the Republic of Ireland?”’.
NAS provides services to over 102 ambulance stations across Ireland and take
upwards of 300,000 calls annually?’. NEOC operates the call taking and dispatch

functions of the NAS?4,

166



The NEOC data set contains information on emergency call volume and ambulance
time intervals (from call received to the resource going clear or being stood down)
for all calls made to NAS, captured using Geotagging software?®. A resource in this
context is defined as a NAS paramedic who attends the patient?’. Geotagging refers
to “the process of adding geospatial identification metadata to various types of
media”?’. The dataset is vast, with an array of topics and perspectives, including call,
resource, and crew. Each topic can be subdivided into a perspective within which
there are a list of fields available to return a result such as time, date, patient name,
clinical notes, etc. The data are available on request for research purposes by
applying to the Business Analyst in NEOC, after approval has been granted by the

NAS Research Committee.

From 1% January 2018 to 31% December 2021, 1,028,492 emergency calls (999/112)
were made to NAS. A 999/112 call is a call made to the EMS by a member of the

public?’.

For this study, we requested a dataset from the resource perspective of AMPDS®°
(further information on the AMPDS stroke code protocol can be found in appendix
4.2) code 28 (term used in the AMPDs system for suspected stroke/TIA call) adult

cases between 1° January 2018 and 31t December 2021.
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4.4.3 Variables and definitions

Variables on suspected stroke/TIA cases from the NEOC data set included:

4.4.3.1 Outcomes

The primary outcomes for this study were five ambulance time intervals, and the

secondary outcome was emergency call volume for suspected stroke/TIA.

Ambulance time intervals

An “ambulance time” is “a specific event within the EMS response”,*! whereas an

“ambulance time interval” is “the temporal distance between two times”3'. We
analysed five ambulance time intervals in this analysis. We used the Health
Information and Quality Authority (HIQA) definitions,*? which are reported by NEOC

(table 4.1).
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Table 4.1 - Ambulance times and intervals reported by the National Ambulance Service included in this study?2

Ambulance Time Interval

Definition

Constituent Ambulance Times

Definition

Allocation performance

Allocation Time minus T5

Time

Despatch Code Established (T5 time)

The time the Despatch Code is established from ProQA (priority

dispatch system software)

Resource Allocation Time

The time a resource has been allocated to an incident on the

Computer Aided Dispatch (CAD) system

Mobilisation Performance

Mobile Time minus T5

Time

Despatch Code Established (T5 time)

The time the Despatch Code is established from ProQA

Resource Mobile Time

The time the resource goes mobile on the incident, either
through radio selective call (selcall*) by the crew, voice or

Automatic Vehicle Location (AVL) update

Response Time

Resource at Scene Time

minus T5 Time

Despatch Code Established (T5 time)

The time the Despatch Code is established from ProQA

Resource At Scene Time

The time the resource arrives at the scene of the incident. This
is captured by a selcall 'At Scene' from the crew, by voice or by

AVL update
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Ambulance Time Interval

Definition

Constituent Ambulance Times

Definitions

On Scene Time

Resource Left Scene Time

minus Resource at Scene

Time

Resource At Scene Time

The time the resource arrives at the scene of the incident. This
is captured by a selcall 'At Scene' from the crew, by voice or by

AVL update

Resource Left Scene Time

The time the responding crew have completed treatment, have
the patient on board and are about to leave the scene for
hospital. Given through Selcall 'Left Scene’, by voice or AVL

update

Conveyance Time

At Hospital Time minus

Left Scene Time

Resource At Hospital Time

The time the resource arrives at the hospital. Given via Selcall

‘At Hospital', by voice or AVL update

Resource Left Scene Time

The time the responding crew have completed treatment, have
the patient on board and are about to leave the scene for
hospital. Given through Selcall 'Left Scene', by voice or AVL

update

*Sellcall - type of protocol used in radio communications systems, in which transmissions include a brief burst of sequential audio tones.
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As a result, all ambulance time intervals investigated align with the Ulstein

recommendations for emergency stroke care®,

We used the shortest allocation, mobilisation and response times®? for the call,
regardless of resource. The on-scene and conveyance time®? for the transporting
resource (resource that conveys the patient to hospital) were used. Where there
were multiple resources, the transporting resource was assigned to the first resource
at scene. If this resource did not have a conveyance time, then the transporting

ambulance was assigned to the next ambulance on scene.

Call volume

We classified call volume as the number of unique suspected stroke/TIA cases per

day, week, month or wave.

4.4.3.2 Covariates

From the above variables, we identified covariates for inclusion related to
prehospital stroke response, based on reviewing the literature and input from expert

stakeholders. These included demographic, geographical, service and clinical factors.

Demographic factors included sex (male, female, unknown) and patient age.

Geographical factors included information on the location of the suspected
stroke/TIA. Within the NEOC data set, the location of the call is presented in the form
of latitude and longitude. We then mapped this to publicly available settlement
boundary files from the most recently available Census®*. An urban settlement is

defined as a town with a total population of 1500 or more,* whereas a rural
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settlement is a town with a population of less than 1500 people3*. Any calls with
latitude and longitude outside of a settlement were classed as rural®*. We also
included geographical location as a potential confounder as evidence suggests urban
versus rural incident locations can impact on ambulance time intervals, and thus

patient outcomes®>%.

The NEOC data set in this study included a range of service factors; number of
resources, monthly 999/112 calls, call stop reason, hour call starts and time status.
We classified hour call starts as early morning (00:00- 5:59), late morning
(06:00-11:59), early evening (12:00-17:59) and late evening (18:00-23:59). Method
of call included five categories in the initial data set: healthcare professional,
emergency services, out of hours doctor, public access and missing. We collapsed
these categories into “112 or 999" (public access), “non 112 or 999” (healthcare
professional, emergency services, out of hours doctor) and “missing”. This variable
was included to identify whether the source of the call would have an effect on the
time intervals. Call stop reason initially included 28 categories. We recoded this
variable into: N/A, patient factor and service factor. Priority dispatch code®” (Govstd.)
included amber, red and green. Red indicates a life-threatening condition other than
cardiac or respiratory arrest; amber indicates the condition is serious not life
threatening - immediate, and green; non serious or non-life threatening®’. Time
status (time since last known well) was classified, as per the NEOC data set, as <4
hours, >4 hours, unknown. Time since last known well is a key determinant for amber

versus red designation. Typically calls with a time status of >4 hours are coded amber.
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Clinical variables included AMPDS® determinant descriptors and time status (time
since patient was last known to be well). Within the code stroke protocol in AMPDS®,
and thus the NEOC data set, there are 13 determinant descriptions. AMPDS provides
a scripted caller interrogation protocol to prioritise calls and allocate EMS resources
to incidents via the linked ProQA (Priority Dispatch, ProQA software system

https://www.prioritydispatch.net/en/proga). The code is generated during the initial

triage of the call, based on responses given to certain questions asked by the call-
taker. Further information regarding this process and determinant descriptors
including common stroke/TIA symptoms and presentations can be found in appendix
4.2. We recoded these into five categories for clarity of interpretation - not alert,
breathing, sudden onset of stroke/TIA symptoms, history of cerebrovascular disease,
and other (appendix 4.3). These five categories were created by grouping common
determinants together, for example, those relating to breathing or history of

stroke/TIA. Presence of abnormal breathing alone does not trigger a stroke code.

Weeks

The NEOC data set was reported in International Standards Organisation (ISO)
weeks®. 1SO weeks run from Monday to Sunday®®. Thus, we transformed the data
into epidemiological weeks® to accurately compare outcomes during the COVID-19
waves. Epidemiological weeks were used by the Health Protection Surveillance
Centre (HPSC) in the Republic of Ireland when reporting COVID-19 data®. An
epidemiological week runs from Sunday to Saturday®®. Epidemiological weeks were

also used to calculate monthly call volume.
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4.4.3.3 Additional covariates external to the NEOC data set

COVID-19 pandemic

In this study, we defined the pre-COVID-19 period as “1%t January 2018 to 29t
February 2020” (790 days) and the COVID-19 period as “1%t March 2020 - 31%
December 2021” (671 days). This period was chosen to reflect two years before and
during the pandemic. The HPSC defined the waves of the COVID-19 pandemic in the

Republic of Ireland as follows'%:

Wave 1: 15t March 2020 to 15t August 2020 = 154 days

Wave 2: 2" August 2020 to 21 November 2020 = 112 days

Wave 3: 22" November 2020 to 26" June 2021 = 217 days.

Wave 4: 27" June 2021 to 18 December 2021 = 175 days.

Wave 5 (partial): 19" December 2021 to 31%t December 2021 = 13 days.

Only partial data from wave 5 are included in this study, due to data availability at
the time of conducting the study. The HPSC’s website states that wave 5 was from
19t December 2021 to 27™ February 2022. Thus, to ensure all 2021 data were
included, reflecting two pandemic and two pre-pandemic years, we analysed partial

data from wave 5.

Pandemic waves were included in this analysis as they represent changes in the suite
of measures introduced during the COVID-19 pandemic in the Republic of Ireland.
Moreover, there is evidence indicating that fluctuations in COVID-19 case numbers,

transitioning from baseline to ‘surges’, can lead to alterations in EMS utilisation%4?,
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Traffic volume

Traffic volume is “the number of vehicles that pass a given point on the roadway in
a specified period of time” 2. Publicly available traffic count data from Transport
Infrastructure Ireland (TII) was used*>3, For 2019 - 2021, weekly national data from
the COVID-19 traffic patterns report*? were summed for each month. As this report
did not include 2018, data from the TIl monthly traffic volume report were used**.
This report was presented by areas covered by traffic counters, thus mean monthly
traffic volume was calculated. An expert stakeholder from the TII advised on this
process to ensure standard methods were used. We included traffic volume in the
ambulance time interval analysis, as this could impact on the response and
conveyance intervals*#. Furthermore, it is as an indicator of the changes in public

health restrictions throughout the waves.

Nitrogen dioxide levels

We followed the method laid out in Spohn et al. 2022 to calculate monthly nitrogen
dioxide levels for the Republic of Ireland using publicly available Environmental
Protection Agency data“®. Data files are available for regions Cork, Dublin, Waterford,
Limerick and Galway. However, county coverage can vary per year. Nitrogen dioxide
levels (presented in Apg/m3) measured per day per area covered by a nitrogen
dioxide metre are available. We calculated the mean value per day per area using
this data. From this, we calculated a mean monthly value per area. The mean value
of these readings was calculated, providing an approximate mean monthly nitrogen

dioxide level for the Republic of Ireland. In the suspected stroke/TIA emergency call
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volume analysis, we included nitrogen dioxide levels for the period of analysis as this

pollutant can increase the risk of cerebrovascular disease*?~2.

4.4.4 Statistical analysis

4.4.4.1 Descriptive statistics

Categorical variables are presented as frequencies and percentages, and numerical
variables are presented as mean (+ SD) or median (with IQR). We carried out x2 tests
and t-tests to test for differences in the independent variables between the COVID-
19 and pre-COVID-19 periods. We considered p values of <0.05 to be statistically

significant.

4.4.1.2 Linear regression analyses

Ambulance time intervals

We carried out multivariable ordinary least squares linear regression on the five
ambulance times intervals in table 4.1. For the regression analyses, the log of the
performance times was used as the dependent variables since the exploratory

analysis identified heteroscedasticity in these variables (appendix 4.3).

We also scaled the two numeric covariates, monthly emergency calls and monthly
traffic volumes, removed any cases where the relevant time interval was missing and

removed the cases with missing call method.

We included a number of covariates in the five regression models, to reflect relevant

service and geographical factors:

e Number of days since 1% January 2018 (numdays). The numdays variable was
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included in the ambulance time interval analysis to try and control for the
effect of time on the time intervals.

¢ COVID-19 waves 1 - 5.

e Time of call, call method, number of resources.

e Call location, prioritisation code, AMPDS dispatch determinant, time status
(time since last known well).

¢ Monthly total emergency call volume.

¢ Monthly mean traffic volume.

4.4.1.3 Interrupted times series analysis

Call volume

We carried out an interrupted time series analysis using an autoregressive integrated
moving average (ARIMA) model, following the method described by Righetti and
Hyndman et al®3. This allowed us to test the effect of the COVID-19 pandemic on

suspected stroke/TIA call volume.

We defined the variables for inclusion as follows:

e A dummy variable to denote the COVID-19 pandemic (assigned 0O to all values up
until March 2020 and 1 to all values from March 2020 to Dec 2021).

e A variable to capture change over time (i.e.,, the cumulative effect of the
intervention). This was done by assigning 0 to all values up until March 2020 and
then successive integers from 1 to 22 to each month from March 2020 to

December 2021.
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e The first of these variables represents the effect of an abrupt intervention
maintained over time and the second of an intervention (COVID-19) with
cumulative effect over time.

e Predictor variables: total monthly emergency call volume and mean monthly

nitrogen dioxide levels.

We used the auto. arima function in the forecast package®* in R V.4.0.3 to carry out
the analysis. This automatically fits multiple models to the call volume time series
and chooses the one of best fit. The selected model was an ARIMA (0,0,0). The ARIMA
model was then fit to the pre-COVID data-19 (where the variables measuring COVID-
19 impact are set to 0) and used to predict the expected call volume for each month
of COVID from March 2020 to Dec 2021. We carried out a Box Ljung test of the model

residuals.

4.4.5 Patient and Public Involvement

EB worked with a Patient and Public Involvement (PPI) panel of 13 stroke and TIA
survivors and their family members from refinement of the research question to
dissemination of findings. We describe PPl in this study in detail using the Guidance
for Reporting Involvement of Patients and the Public (GRIPP2 checklist (short

version)>> (appendix 4.4).

4.6 Results
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4.6.1 Overall sample

We included 40,004 suspected adult stroke/TIA cases between 1°t January 2018 and
31t December 2021. Of these, 19, 826 cases occurred pre-COVID-19 period, and
20,178 cases occurred during the COVID-19 period. The mean age was 70.4 (£16.9)
years, and 19,006 (47.51%) stroke/TIA survivors were male. Appendix 4.5 includes
the breakdown of suspected stroke/TIA cases per year and by sex. Appendix 4.6

includes the geographical breakdown of calls.

4.6.2 Sample Characteristics during the pre-COVID-19 and COVID-19
periods

Table 4.2 displays the sample characteristics during the pre-COVID-19 and COVID-19

period, including over the five waves.
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Table 4.2 - Characteristics of suspected adult stroke/TIA cases during the pre-COVID-19 versus COVID-19 period

Variable Pre-COVID-19 COVID-19 p-value
(N = 19,826) (N =20,178)

Sex*

Male 9198 (46.4%) 9808 (48.6%) p=0.73

Female 9602 (48.4%) 10314 (51.1%)

Age

Median, (IQR) 75, (62-83) 74, (60-83) p<0.001

Time of day of call

00:00 - 5:59 1295 (6.5%) 1415 (7.0%) p<0.05

06:00-11:59 5565 (28.1%) 5692(28.2%)

12:00-17:59 7793 (39.3%) 8016 (39.7%)

18:00-23:59 5173 (26.1%) 5055 (25.1%)

Call location

Urban 11252 (56.8%) 11064 (54.8%) p<0.001

Rural Settlement 2042 (10.3%) 2125 (10.5%)

Rural 6532 (32.9%) 6989 (34.7%)

Determinant descriptor

Abnormal Breathing 1633 (8.2%) 1911 (9.5%) p<0.001

Breathing Normally <35 20 (0.1%) 15 (0.07%)
Breathing Normally >=35 929 (4.7%) 836 (4.1%)
Not Alert 7549 (38%) 7286 (36.1%)
Stroke Charlie Override 0 (0%) 8 (0.04%)
Stroke History 364 (1.8%) 314 (1.6%)

Sudden Loss of Balance or Co-
Ordination

617 (3.1%)

738 (3.7%)

Variable

Pre-COVID-19
(N=19826)

COVID-19
(N=20178)
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Determinant descriptor continued

Sudden Onset of Severe 229 (1.2%) 264 (1.3%)
Headache

Sudden Paralysis or Facial Droop | 1487 (7.5%) 1380 (6.7%)
Sudden Speech Problems 3027 (15.3%) 3052 (15.1%)
Sudden Vision Problems 739 (3.7%) 907 (4.5%)
Sudden Weakness or Numbness 2920 (14.7) 3205 (15.9%)
TIA History 196 (1%) 182 (0.9%)
Unknown Status or NA 116 (0.7%) 80 (0.4%)
Time Status

>4 hours 5459 (27.5%) 6182 (30.6%) p<0.001
<4 hours 13524 (68.2%) 13177 (65.3%)
Unknown 843 (4.3%) 819 (4.1%)

*Unknown or missing - patient sex was not entered into the electronic healthcare record by the prehospital practitioner and

there was an indexing error in the database, resulting in some records in the dataset not returning a value for sex for November 2018.
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During the pandemic, suspected stroke/TIA patients were younger; 74 years (60-83)
than pre-pandemic; 75 (62-83), p<0.001. A higher proportion of cases were from
rural areas during COVID-19; 6989 (34.6%) than pre-COVID-19; 6532 (32.9%),
p<0.001. Appendix 4.7 provides more information on call location during the two
periods. Furthermore, more cases presented with abnormal breathing (1911 (9.5%)
vs 1633 (8.2%)), and >4 hours after symptom onset (6182 (30.6%) vs 5459 (27.5%))

during the pandemic, p<0.001.

More calls were stopped during the COVID-19 period; 1833 (9.1%) than pre-COVID-
19; 1614 (8.1%), p<0.001. More cases presented from 12:00 to 17:59 during COVID-
19 8016 (39.7%) than pre-COVID-19; 7793 (39.3%), p=0.04. More calls were made by
public access (15 253 (75.6%) vs 14 674 (74%)). There were more amber calls ((7015
(34.8%) vs 6310 (31.8%)) and less red calls (13 163 (65.2%) vs 13 516 (68.2%)) in the

COVID-19 period compared with pre-COVID-19, p<0.001.

Appendices 4.8 and 4.9 include information on the number of 999/112 calls and

types of resources used during the pre-COVID-19 and COVID-19 period.

Appendix 4.10 provides information on comparing number of resources with time

status.
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4.6.3 Ambulance time intervals

Allocation performance (n=39 962), mobilisation performance (n=39 936), response

time (n=39 604), on-scene time (n=36,4,28), and conveyance time (n=36419)

contained different case numbers due to different resources being stood down at

various points on the patient journey>®. Appendix 4.11 provides further information

on the distribution of ambulance time intervals across the study years.

We found an increase in all time intervals during COVID-19 compared with pre-

COVID-19 (table 4.3, appendix 4.12).

Table 4.3 - Mean ambulance time intervals for suspected adult stroke/TIA cases

during the pre-COVID-19 and COVID-19 period

Time Mean Mean Mean Mean Mean
Period Allocation Mobilisation | Response | On Conveyance
Performance | Performance | Time Scene Time
Time
Pre- 38 secs 2 mins 17 mins 23 mins | 26 mins 27
COvID-19 25 secs 01 secs
second
COVID-19 | 1 min 27 secs | 2 mins 40 19 mins 3 | 26 mins | 27 mins 30
secs secs 11 secs
seconds
Difference | 49 secs 40 secs 1min38 | 3mins 1 min 3 secs
pre-COVID secs 10 secs
vs COVID
P-value <0.001 <0.001 <0.001 <0.001 | <0.001

183




Appendix 4.13-4.15 include the distribution of the time intervals in the dataset

during the COVID-19 vs pre-COVID-19 periods.

4.6.3.1. Linear regression analyses

Table 4.4 summarises the results of the linear regression analyses. Appendix

4.16 includes full outputs from the regression models.
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Table 4.4 - Results of Regression Analyses of Log of Time Intervals: COVID-19
waves compared to pre-COVID-19

Time Wave 1 Wave 2 Wave 3 Wave 4 Wave 5
intervals (Partial
data)
Allocation
Time
Increase Increase Increase Increase Increase
(p<0.001) (p<0.001) (p<.001) (p<0.001) (p<0.001)
Mobilisation t ‘
Time
Increase Increase No Change | Increase Increase
(p<0.001) (p<0.05) (p=0.24) (p<0.001) (p<0.001)
Response
Time
Increase Increase Increase Increase Increase
(p<0.001) (p<0.001) (p<0.001) | (p<0.001) (p<0.001)
On Scene
Time
Increase No Change Increase No Increase
(p<0.001) (p=0.09) (p<0.001 Change (p<0.05)
(p=0.12)
Time
No Change | No Change Increase Increase No Change
(p=0.60) (p=0.08) (p<0.05) (p<0.001) (p=0.13)

*The following variables were held constant: Numdays, Time of Day, Method of Call, Number
of Resources Allocated to Call, Urgency of Call, Location Type of Call, AMPDS Descriptor,
Time Status, Total Monthly Emergency Calls, Monthly Traffic Volume.

** The p-values from the linear regression models indicate whether the effects of each wave
of COVID-19 on each of the ambulance time intervals listed is statistically significant while
holding the variables listed under the table constant.
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Allocation performance

When all other variables are held constant all the wave numbers show a significant
increase (p<0.001) in log of allocation performance compared with pre-COVID-19.
While the number of days since 1%t Jan 2018 (numdays) is significantly negatively

associated with log of allocation performance.

Mobilisation performance

When all other variables are held constant all the wave numbers, except for wave 3
show a significant increase (p<0.001) in log of mobilisation performance compared
with pre-COVID-19. While the number of days since 1%t Jan 2018 (numdays) is

significantly negatively associated with log of mobilisation performance.

Response time

When all other variables are held constant all the wave numbers, show a significant
increase (p<0.001) in log of response time compared with pre-COVID-19. While the
number of days since 1% Jan 2018 (numdays) is significantly negatively associated

with log of response time.

On scene time

When all other variables are held constant waves 1,3 and 5 show a significant
increase (p<0.001) in log of on scene time compared with pre-COVID-19. While the
number of days since 1% Jan 2018 (numdays) is significantly positively associated

with log of on scene time.
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Conveyance time

When all other variables are held constant, waves 3 and 4 show a significant increase
(p<0.001) in log of conveyance time compared with pre-COVID-19. While the number

of days since 1% Jan 2018 (numdays) is not associated with log of conveyance time.

4.6.4 Call volume for total emergency calls and suspected stroke/TIA

4.6.4.1 Overall emergency weekly call volume

1,028,492 emergency calls, including 40,004 suspected stroke/TIA calls were made
from 2018 to 2021. When compared with total emergency call volume (AS1 calls)
suspected stroke/TIA calls increased faster than total call volume in late 2020 and in

2021 (appendix 4.17).

4.6.4.2 Monthly suspected stroke/TIA call volume

As seen in figure 4.1 and figure 4.2 monthly suspected stroke/TIA call volume during
COVID-19 was gradually increasing until wave 3, when we observed a rapid increase
in suspected stroke/TIA call volume. Furthermore, two dips in suspected stroke/TIA
call volume occurred in wave 1 and wave 4 (figure 4.1 and 4.2, appendices 4.18 and

4.19).
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Fig 4.2 - Monthly time series graph of emergency call volume for suspected

stroke/TIA from 2018-2021 displaying the COVID-19 waves
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4.6.4.3 Daily suspected stroke/TIA call volume

Suspected stroke/TIA call volume increased during COVID-19, with approximately 30
mean calls/day during COVID-19 and approximately 25 mean calls/day during pre-
COVID-19. Calls per day during COVID-19 were gradually increasing until wave 3,
when we observed a rapid increase in suspected stroke/TIA call volume (appendix

4.20).

4.6.4.4 Results of the Interrupted time series analysis

The results of the augmented Dickey-Fuller stationarity test (-2.06, p=0.55) indicate
that the time series of monthly call data is non-stationary. Taking the first order
difference of the suspected stroke call time series results in a stationary time series
(Dickey-Fuller=-5.68, p<0.01). After running the auto. arima the model chosen was

an ARIMA (0,0,0).

Results of the residuals and autocorrelation (appendix 4.21-4.23) indicate the model
is a good fit to the data. A Box Ljung test of the model residuals gives a result of x

squared=0.05, p=0.83 indicating autocorrelation is not present in the data.

This model when fit to the pre-COVID-19 data predicts an increase in suspected
stroke calls during March 2020, however, there was a drop in cases that month
(predicted=883, actual 726). The number of cases in April 2020 was also below the
predicted figure (predicted=792, actual=700). Thereafter the predicted number of
cases and actual number are similar until December 2020 when there was a large

increase in cases (predicted=857, actual=1025) and an increase of actual cases over
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predicted was maintained every subsequent month up to the end of the dataset in

December 2021 (appendix 4.24).

Figure 4.3 visualises the predicted suspected stroke/TIA call volume in the absence
of COVID-19 (red), as well as the actual values (blue). Actual and predicted suspected

stroke/TIA call volume start to noticeably diverge from wave three onwards.

Actual Stroke Calls (blue) vs Predicted Stroke Calls (red) Jan 2018 / Dec 2021
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Figure 4.3 - Actual (blue) versus predicted (red) call volume for suspected

stroke/TIA for the COVID-19 period.
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4.7 Discussion

This analysis of prehospital ambulance time interval data reveals three key findings.
Firstly, both ambulance time intervals and the volume of suspected stroke/TIA calls
exhibited an increase during the pandemic. Secondly, the most significant alterations
in the aforementioned outcomes were observed from wave 3 onward. Finally, during
the COVID-19 pandemic, there was a notable increase in terminated calls and a

higher proportion of calls with >4 hours since last known well.

4.7.1 Strengths and weaknesses

This national study investigated ambulance time intervals and call volume for
suspected stroke/TIA across all pandemic waves and compared a substantial period
during and pre-COVID19 to facilitate the tracking of emerging patterns. However, in
reality prehospital services come under immense and sustained pressure every
winter. Thus, this research also has relevance for routine prehospital service

planning.

This study does not include data from the Dublin Fire Brigade so only reflects a
portion of the Dublin metropolitan area. This is because both the NAS and the Dublin
Fire Brigade provide EMS to Dublin. Second, due to an indexing error in the system
there is missing data for sex and age in November 2018. Only approximately
two weeks of wave five data were available, preventing a comprehensive analysis of
the complete fifth wave. Residual confounding may be present in this study, as the

included confounding variables were captured on a national and monthly level,
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lacking sufficient granularity for full adjustment. Confirmation of stroke/TIA diagnosis
is not included in the study as prehospital and hospital records could not be linked
due to the lack of a unique health identifier in the Republic of Ireland. However,
whether the diagnosis is verified, the same criteria should have been applied to
patients experiencing acute stroke/TIA symptoms at the prehospital stage. Thus, this
should not be a significant constraint in interpreting the results, especially trends
over time. Finally, COVID-19 is an unprecedented, nuanced and complex
phenomenon that impacted on healthcare and healthcare systems. It is not a
uniform, discrete intervention. Even defining it as a temporal exposure may be
oversimplifying its impact. However, to observe the healthcare system and human
behavioural factors during this period we needed to define this time period using
evidence based, nationally adopted definitions. Furthermore, we allowed for some

nuance by comparing waves of the pandemic.

4.7.2 Comparison with current literature

In terms of time intervals, one study conducted in Hong Kong found a similar increase
in their equivalent of conveyance time,”” whereas a South Korean study found no
significant change in this interval®®. A recent Iranian study found an increase in all
time intervals during COVID-19, when investigating all emergency calls®>’. However,
an American study found a decrease in response interval and increase in on scene
interval at certain points during the pandemic®. Two further European studies®'4?
observed an increase in time intervals for stroke/TIA cases during the COVID-19
period. In relation to suspected stroke/TIA call volume, an Australian and American

study found a decrease in suspected stroke/TIA call volume during COVID-19%%¢4,
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Whereas other international studies found an increase in suspected stroke/TIA call
volume during the period®>%. At the time of writing, literature in acute stroke care
during the COVID-19 pandemic was primarily focused on single centre studies set in
hospitals, with a lack of papers focusing on the prehospital response®. Available
prehospital papers focus on either one or more early waves of the COVID-19
pandemic®?¢’, and do not investigate emerging patterns over multiple waves. Also,
current studies are mainly descriptive in nature, with the minority of studies carrying

out analyses that adjusts for potential confounders®’.

4.7.3 Ambulance time intervals

During the COVID-19 period, we observed an increase in ambulance time intervals
for suspected stroke/TIA calls. Time intervals displayed the greatest increase in wave
four and five of the COVID-19 pandemic. This may be as the peak of the fourth wave
was when Ireland’s COVID-19 incidence was the highest in the European Union and
service demand was higher for COVID-19 and non-COVID-19 indications®®. As wave
four and five also traverse the winter period, which historically means increased
pressures for prehospital care service and staff capacity, this may have resulted in
prolonged time intervals. Different factors can influence prehospital time intervals,
depending on their position within the prehospital phase of care. Members of the
NAS were deployed into specific COVID-19 related activities, such as COVID-19
vaccination, swabbing and the COVID-19 response room®?7°. Additionally, the
prehospital workforce was reduced due to COVID-19 isolation/restriction of

movements’?. Thus, at times less ambulance resources may have been available.
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Furthermore, donning and doffing of PPE and COVID-19 prehospital disinfection

protocols may have resulted in some delay’?”3.

4.7.4 Call volume for suspected stroke/TIA

We observed two dips in suspected stroke/TIA call volume occurring in
approximately March 2020 and September 2021. The first dip aligns with the first
COVID-19 lockdown in Ireland’4, and the second with the peak of the fourth wave,
when Ireland’s COVID-19 incidence was the highest in the European Union®. This
may be indicative of a change in healthcare seeking behaviour of stroke/TIA patients

during peak COVID-19 cases and “unexpected” containment measures’>”’.

The increased suspected stroke/TIA call volume from 22" November 2020 (wave
three) onwards is challenging to interpret and attempt to explain. While evidence
suggests that a link may exist between COVID-19 and cerebrovascular disease,
multiple systematic reviews have indicated that a causal relationship cannot be
currently confirmed’®82. Furthermore, the Republic of Ireland’s stroke audit reflects
a similar pattern, as an increase in stroke cases has been seen from 2019
onwards®. However, this audit reports confirmed stroke diagnoses only and
excludes TIAs. Moreover, the decreased presentations of TIAs during the initial
waves of the pandemic might be a contributing factor to the rise in suspected
stroke/TIA call volume. This is because routine TIA assessment and treatment aim to
prevent subsequent strokes. Thus, the rise in suspected strokes/TIAs may have been

prevented if this assessment and treatment was carried out. Finally, the number of
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stroke/TIA cases presenting with “abnormal breathing” increased during COVID-19,

which may partially explain the increase in suspected stroke/TIA call volume.

4.7.5 Sociodemographic and clinical factors

During the COVID-19 pandemic younger patients, those from rural areas, calling in
the early hours of the morning and accessing an ambulance through a 999/112 call
increased. The increased number of calls for suspected stroke/TIA survivors in rural
areas may be due to the travel restrictions in-place at the time. Rural residents face
longer travel distances to hospitals than their urban counterparts. Despite being
faced with a medical emergency stroke survivors may have avoided personal car
travel during earlier pandemic waves to comply with public health restrictions,
including the five km residence limit®®%%73. Furthermore, more calls were stopped
during the COVID-19 pandemic, with the vast majority of these due to patient factors.
These factors included transport refusal, as the largest contributor to non-transports.
This phenomenon has been reported on elsewhere and is considered distinct to

suspected stroke/TIA survivors not seeking emergency care at all®4,

Crucially, the number of cases with symptom onset to emergency call time
of >4 hours (amber calls) increased during the pandemic period. This might suggest
delays in calling the ambulance service during the COVID-19 pandemic. This delay
could be attributed to suspected stroke/TIA survivors hesitating to make an
emergency call. Furthermore, fewer visitors due to public health restrictions
decreased the possibility of a bystander witnessing the stroke and raising the alarm.

Both occurrences may contribute to missed four-hour treatment windows. This

195



finding suggests a change in healthcare seeking behaviour of suspected stroke/TIA
survivors during the pandemic. Due to the time-sensitivity of acute stroke/TIA
management and treatment any delay in the stroke chain of survival could lead to
worse clinical and functional outcomes. Other studies have also reported changes in
demographic characteristics of those presenting with stroke/TIA during the COVID-
19 pandemic,®?88 whereas further studies found no change in demographics,

between the two periods®”:¢7:87.

The COVID-19 pandemic has been noted to impact various acute emergencies,
including acute coronary syndrome, psychiatric illness and musculoskeletal
presentations!”891, Thus stroke/TIA are not unique, however the time critical nature
of recognition and intervention means they are key indicators of healthcare access

and delivery during COVID-19.

This study adopts a quasi-experimental design, which is well-suited to evaluating the
effects of interventions in real-world healthcare settings where randomisation is not
feasible®??3. Within this form of study design, an interrupted time series analysis was
selected as it is considered the most robust quasi-experimental approach’.
Interrupted time series enables evaluation of intervention effects by analysing trends
and level changes across multiple time points before and after implementation,
strengthening causal inference through temporal sequencing®. Alternative quasi-
experimental designs such as before-and-after studies or natural experiments were
also considered?®?>. However, before-and-after designs lack the ability to detect

changes in trends over time, limiting their inferential strength???*. Natural
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experiments, while potentially valuable, often rely on strong and untestable
assumptions about selection on unobservable confounders, and are constrained by
limited data availability’. Thus, interrupted time series was deemed the most
appropriate and rigorous method for addressing the study objectives, to investigate

the impact of a pandemic consisting of five waves on key aspects of prehospital care.

4.8 Conclusions

Study findings suggest an increase in all five ambulance time intervals from
assignment of triage code to arrival at hospital for suspected stroke/TIA during the
COVID-19 pandemic. Furthermore, we also found an increase in suspected stroke/TIA
call volume between pre-COVID-19 and COVID-19 periods. Future work may explore
the potential mechanisms behind the observed trends in this study, conduct
qualitative studies to explore stroke/TIA survivor and healthcare professional
experiences and compare longer time periods across different healthcare systems

during the pandemic.
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6.1 Abstract

Introduction

Ambulance times and intervals are internationally recognised Key Performance
Indicators (KPIs) for prehospital care. International benchmarking, by comparing
ambulance times and intervals between countries is a valuable method to help to
identify strengths and weaknesses across healthcare systems. However, ambulance
times and intervals are not standardised across countries. Thus, this study aims to
compare terminology and definitions of ambulance times and time intervals from
the ambulance services of a range of countries to facilitate international

benchmarking.

Methods
We sent a 23-question survey to 19 domestic and international ambulance services,
who use the Advanced Medical Priority Dispatch System, asking for the terminology

and definitions for times from “call received” to “arrival at hospital”. This included
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“clock start” and “clock stop” times. We asked for the ambulance times terms and
related variable names in the computer aided dispatch/reporting system. We piloted
the questions on members of international emergency care organisations before
sending them to representatives from international ambulance services. We engaged
with clinical stakeholders and Patient and Public Involvement contributors

throughout the process.
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Results

We gathered information from ten international ambulance services, representing
nine countries, and three continents. Some countries, such as those in the United
Kingdom have standardised their ambulance times and intervals terminology and
definitions. However, in most cases terminology differed greatly between countries,
and at times within countries and between official reports within services. Definitions
of ambulance times and intervals varied between countries, with some having
different clock start and stop times and others not collecting data on the same time

periods.

Conclusion

The current level of variation in international terminology and definitions for
ambulance times and intervals poses a challenge for international benchmarking and
research. International consensus or harmonisation of language and definitions
would result in more efficient and accurate global comparison. On a smaller scale,

defining terms in publications and reports would begin facilitating this process.
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6.2 Introduction

Ambulance times and intervals are internationally recognised KPIs for prehospital
carel. However, the terminology and definitions surrounding ambulance times and
time intervals are not standardised across countries'. This can pose challenges for
clinicians and researchers when synthesising international evidence or comparing
countries/regions in this context. Standardisation or alignment of terminology and

definitions would accommodate more accurate international comparisons.

International benchmarking, by comparing ambulance times and intervals between
countries is a valuable method to help to identify strengths and weaknesses across
healthcare systems*. Benchmarking has a long history of being used in the healthcare
sector to compare outcomes across organisations®. It also facilitates shared learning
and application of best practice®. If applied correctly, benchmarking can highlight

unnecessary variation and work to reduce its occurrence®.

Thus, this study aims to compare terminology and definitions of ambulance times

and intervals from the ambulance services of a range of countries to facilitate

international benchmarking.
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6.3 Methods

6.3.1 Terminology versus definition

In the context of this study, we consider “terminology” as the term used to describe
an ambulance time or ambulance time interval. Whereas a “definition” includes the
variable(s) that constitutes the time or time interval in the computer aided dispatch

(CAD) system.

6.3.2 Ambulance times and ambulance time intervals

An ambulance time is “a specific event within the EMS response”, such as at scene
time’. Whereas an ambulance time interval is “the temporal distance between two

times”, such as response time interval®.

In this study we were interested in key points of the patient journey from “time call
commenced” to “arrival at the hospital”é. These times and intervals were chosen
due to their clinical significance and as they are commonly reported in the EMS
response literature?®’. Ambulance time intervals used by different EMS
organisations can be measured from alternate starting points to “time calling taking
commenced”, when reporting to standards authorities®. This can include the “T5”
time, when the AMPDS code?® is assigned to the call. However, in the EMS response
literature, the patient-centered perspective is commonly taken, where the

prehospital response begins at “time calling taking commenced” 3.

The benchmark used for this international comparison were the terminology and
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definitions for ambulance times and intervals used by the Republic of Ireland
National Ambulance Service (Table 6.1)*. The definitions used in the study are those
used when discussing the prehospital care pathway from the patient perspective.
However, when reporting KPIs to the relevant regulator, NAS use slightly different
definitions. One key difference, as mentioned above, is that clock start time begins

with T5 time (time the AMPDS code is allocated by the call-taker).

EB formed the Prehospital Care of Stroke (PHoCoS) consortium in 2022. Within this
consortium, the long-term plan was to compare ambulance times and intervals from
the Republic of Ireland with other participating countries (Chapter 6B), to compare
stroke responses during COVID-19. Thus, the alignment of terminology and

definitions needed to be explored within the consortium prior to further work.

Table 6.1 - Ambulance times and ambulance time intervals used by the Republic of

Ireland National Ambulance Service (from the patient perspective)?

Ambulance time (Republic of Ireland) Ambulance time interval (Republic of Ireland)

Time call taking commenced Resource mobile minus time call taking commenced

Mobile time Response time (time resource arrived at scene minus mobile
time)

Transport time (time resource left scene to time resource

At scene time ' - M
arrived at destination)

Left scene time

Time resource arrived at scene to time resource arrived at
At destination destination
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6.3.3 Questionnaire

Two authors (EB and DW) composed a 23-item questionnaire using expert
stakeholder engagement and relevant literature (appendix 6.1). We included the
ambulance times and ambulance time intervals in table 6.1 as the basis for these
questions. We provided the ambulance time and interval and then asked for the
term and definition used for that time and interval in the respondents CAD system.
The questionnaire also included “clock start” and “clock stop” times and the name

of the authority which sets these times and intervals for the service.

We piloted the questionnaire on two members of two international EMS
organisations before sending them to representatives from international ambulance

services who are part of the PHoCoS consortium.

6.3.4 Participants

We sent the questionnaire to members of the PHoCos consortium using the
Microsoft Forms platform. This is a group of international prehospital care
professionals and researchers. The services in this group all use the AMPDS system,
are internationally representative and agreed to engage with the researchers on this
project, as it would require frequent communication to align definitions and

terminology.
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6.3.5 Aligning the terminology and definitions

EB aligned the international terminology and definitions with the Republic of Ireland
definitions using Microsoft Excel. This process was carried out in discussion with KCB
and DW. A “traffic light system” (table 6.2 and 6.3) was devised to consistently
visually represent observed differences between the terminology and definitions
used among the services. This method was chosen as colour coding systems, using
the selected colour palette, are frequently used within the prehospital response.
Furthermore, when working to build consensus, using tools like this, which are

familiar to participants can optimise the benchmarking process®°.

Table 6.2 - Traffic light coding system for the terminology used for ambulance

times and ambulance time intervals

Complete mismatch (no word matches)

Near match (at least one-word matches)

Complete match (all words match)

Not reported

Table 6.3 - Traffic light coding system for the definitions used for ambulance times

and ambulance time intervals

Complete mismatch (no ambulance time within the interval matches)

Near match (at least one ambulance time within the interval matches)

Complete match (both ambulance times within the interval match)

Not reported
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After initial coding was carried out by EB, KCB and DW then independently coded the
data. Each participating service was then provided with their preliminary results in a
Microsoft Excel file. The file included terminology and definitions from both the
Republic of Ireland compared against those of their own service. This was a
confirmatory exercise, to ensure each service agreed with the assigned colour codes.
EB then engaged with a representative from each service to check if the
representative was satisfied with the assigned colour code. If consensus was not
reached at that time, or there were outstanding questions, at least one member of
the core coding team (EB, DW, or KCB) would meet with a representative from that
service. The purpose of the meeting was to reach a final consensus on alignment of

terminology and definitions.

6.3.6 Stakeholder Involvement

Stakeholder involvement was included throughout this study in the form of PPI and

involvement from policy and practice stakeholders.

6.3.6.1 PPI Contributors

A panel of thirteen stroke/TIA survivors and caregivers of a stroke or TIA survivor
were involved in this study from the point of research question development to
dissemination. This panel was formed by EB to help shape her doctoral research,
focused on aspects of prehospital care for suspected stroke/TIA during the COVID-

19 pandemic.
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Early in the process of this study, EB discussed the challenges in comparing
international terminology and definitions with the group. EB also asked the group
about their priorities in this context, as well as their perceptions of the significance
and interpretation of different international terms and definitions. The group
believed that international studies are always worth carrying out to see where the
Republic of Ireland sits on the global stage. The group believed this exercise would
also give insight into how EMS operate in other regions. The PPI contributors were
also involved in selecting which countries would be appropriate to compare in this

context.

Subsequently, EB presented the group with an overview of the study aims and
objectives and a summary of the key findings. The group discussed the importance
of being able to compare KPIs between countries to facilitate continuous
improvement for patients. They further emphasised the importance of shared
learning between countries. The group commented on the heterogeneity of
international terminology and definitions. They all believed that standardised
definitions and terminology are required. They believed current challenges when
comparing different countries could be overcome if language was harmonised. They
suggested that using the same terminology would be helpful for identifying trends
and patterns. This consistency would support researchers, policymakers, and

clinicians in setting priorities and making informed decisions.
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6.3.6.2 Prehospital clinical and policy stakeholders

Stakeholder involvement has been a key focus of this body of work from the
beginning. EB initiated and led on all stakeholder involvement activities. The
motivation and conceptualisation of this topic was co-designed by members of the
Republic of Ireland National Ambulance Service and The International Academes of
Emergency Dispatch. All of the comparisons and methods for this work were co-
designed and co-created with this expert group. Input on the conceptualisation and
methodology was also sought from representatives of international ambulance

services.

Furthermore, the questionnaire used to collect information on the terminology and
definitions was composed in collaboration with domestic and international
ambulance services. Subsequently the questionnaire was pilot tested by two

members of international EMS organisations.

On an international level, members of an international consortium focused on
prehospital care of stroke were involved in the comparison of terminology and
definitions. The PHoCoS Consortium comprises an international group of prehospital
researchers and practitioners from ten ambulance services, nine countries and three
continents. This group was involved in aligning the definitions and terminology of
the ambulance times and time intervals in table 6.1. As this is a specialised area
within prehospital response, constant engagement with members of these services

was required to ensure accuracy and precise alignment of terminology and
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definitions.

The group of prehospital care professionals involved in this body of work were
involved in all stages of the process. They all imparted their clinical and research

expertise to contribute to this international project.

Furthermore, EB developed and recorded a podcast on this topic with the
International Academies of Emergency Dispatch. The “Dispatch in Depth”!! podcast
entitled “ Speaking the Same Language” is available on various podcast hosting

services Speaking the Same Language with Edel Burton - AEDR Journal. Furthermore,

a policy brief was developed with stakeholders and circulated to relevant audiences.

Appendix 6.2 includes all outputs from this study.

6.4 Results

6.4.1 Regions/countries

We gathered information from ten international ambulance services, representing
nine countries, and three continents. All of the included ambulance services use the
AMPDS system. When discussed in this section, services will be represented by their
corresponding country, However, the terminology and definition presented only

reflects that service, not the entire region/country.
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6.4.2 Terminology and definitions

In most cases terminology differed greatly between countries, and at times within
countries and even between reports. Table 6.4-6.7 displays the terminology and

definitions used for ambulance times and time intervals in the ten services.
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Table 6.4 - Terminology used for ambulance times by the international services included in this study

Time call taking
commenced

Mobile time At scene time Left acene time At destination

Accepted call time

Call pick up time Time arrived at scene Time arrive destination

Depart scene time

= = Time arrived at
Call time Time mobilized Time left scene dotaiatn
Time start call taking Left with patient time Arrival at destination
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Table 6.5 - Definitions used for ambulance times by the international services included in this study

Time call taking Time resource Time resource Time resource arrived
I l commenced Time venoiusce mobile arrived at scene left scene at destination

Rt of Inelaensd

BO Zho Al

Time resource at scene
Response time Transport time to resource arrived
at destination

Resource mobile -
call taking commenced

Not reported

Not reported
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Table 6.7 - Definitions used for ambulance time intervals by the international services included in this study

From time resource Time resource arrived

Resource mobile - Time resource arrived left scene to time at destination - time resource
call taking commenced at scene - time resource mobile resource arrived arrived at scena
at destination
DoP Arriving at patient AD AD

Arrerea | Richmond)

324



Services can have different terms for the same ambulance times and time intervals
depending on the context and use. Some countries, such as those in the United
Kingdom?!? have worked to standardise their terminology and definitions for
ambulance times and intervals. However, the variation in terminology across this
cross-section of countries is evident. Variation also exists between definitions.
However, this is not as apparent or frequent as the variation seen in terminology.

Notably, some services/countries do not collect data on the same time periods.

Clock start and stop times are largely similar between the included services (table

6.8).
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Table 6.8 - Clock start and stop times for included ambulance services

Ireland

Time calling taking commenced Time resource clear

]
Austria

Call comes through on phone line

SNy —
P . -
*

Australia

i~

Canada

New Zealand

N. Ireland

At hospital time

>

Scotland

[
[
Netherlands

United States of
America
(Richmond)

1st Keystroke in Medstar
PSAP system

United States of
America (Texas)

In order to synthesis the differences in the terminology and definitions, table 6.9 and

table 6.10 reflect the times and intervals collected by all services included in this

study.
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Table 6.9 - Number of different terms used for ambulance times and intervals

reported by all included services

Ambulance Time

Number of different terms

Time call taking commenced

Mobile time

At scene time

Left scene time

At destination

o [0 |[O~ |00 [0

Ambulance Time Interval

Number of different terms

Response time

4

Transport time

4

Table 6.10 - Number of different definitions used for ambulance times

Ambulance Time

Number of different

definitions
Time call taking commenced 2
Mobile time 1
At scene time 2
Left scene time 2
At destination 1
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6.5 Discussion

It is evident from the above results that there is a lack of standardisation of terms

commonly used among the participating ambulance services.

This cross-section of international ambulance services shows that, currently, there is
no standardized definition for ambulance time intervals used by the group. Thus, this
limits the capacity for international comparison in this context. However, as clock

start and stop times generally align, there is the basis for establishing harmonisation.

A benchmarking approach, using a questionnaire disseminated within the PHoCoS
consortium, was selected as the most appropriate methodology for this study. This
approach enabled the direct collection and comparison of time interval terminology
and definitions used in routine practice across international ambulance services. An
alternative method—conducting a scoping review—was considered to map existing
definitions and terminology. However, this would primarily capture information
from peer-reviewed literature, which does not typically include the operational
language embedded in non-public dispatch protocols. Given that the terminology in
use often resides within internal documents and local practice, engaging directly
with consortium members allowed for a more accurate and meaningful comparison.
Additionally, this collaborative approach ensured clarity around the interpretation
and intended meaning terms, strengthening the relevance and applicability of

findings across different service contexts.
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As English is not the first language of some of these countries, terminology and
definitions were translated into English from the native language. At times it was
challenging to translate local assumptions and meaning. Thus, constant stakeholder

engagement was required throughout the process to optimise accuracy.

This work could be viewed as a semantic exercise comparing words and meanings.
However, language matters and the current level of variation in international
terminology and definitions for ambulance times and intervals poses a challenge for
international benchmarking and research. International consensus or harmonisation
of language and definitions would result in more efficient and accurate global
comparison. On a smaller scale, defining terms in publications and reports would

begin facilitating this process.
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7.1 Overview

This final chapter of the thesis presents three main findings on the resilience of the
acute stroke/TIA pathway to a “shock”, such as the COVID-19 pandemic. These
findings are framed within a multi-level triangulation design mixed methods
approach?, informed by the "Resilient Health System as a Conceptual Framework for

Strengthening Public Health Disaster Risk Management"2.

The strengths and limitations of the thesis are then discussed, followed by the
potential implications for research, policy, and practice. These implications are
examined through the lens of the WHO's "building blocks of the healthcare system,"?

which is a central element of the theoretical framework employed in this thesis. The

chapter ends with a conclusion statement.
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7.2 Summary and Interpretation of Research Findings

The overall aim of this thesis was to investigate the impact of a “shock”, such as the
COVID-19 pandemic on prehospital emergency care for exemplar time-sensitive
conditions; stroke and TIA, with the goal of exploring potential implications for future
policy and service delivery. This aim was addressed using the “Resilient Health
System as A Conceptual Framework for Strengthening Public Health Disaster Risk
Management”? approach embedded within a multi-level triangulation mixed
methods design®. This approach enabled the capture of impacts on the acute
stroke/TIA pathway (structure) across various system levels (regional, national and
international) considering both the healthcare system's response and user

interaction with the system (mechanisms)*2.

The main findings of the thesis are discussed within the context of the
aforementioned framework nested within the multi-level mixed methods design?.
The WHO'’s “building blocks of the healthcare system”® are central to the chosen
framework. They are used to explain how components at each level influenced two
important and internationally recognised KPIs of prehospital care: ambulance time
intervals (system response) and call volume (access and interaction with the
system). The “building blocks of the healthcare system”? are also used to structure

the implications of this thesis for policy, practice and research.

The three main findings of this thesis are:
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1. The healthcare system response: while the integrity of the emergency phase of
the acute stroke and TIA pathway was maintained, significant prehospital delays

were identified across the stroke chain of survival.

2. Interaction with the healthcare system: a shift in healthcare-seeking behaviour
among stroke and TIA survivors was observed during the pandemic, evidenced by

delays or decreases in the number of individuals seeking care for these conditions.

3. Shared understanding of the patient journey: this research highlights the
differing opinions of various stakeholder groups on key aspects of the patient
journey. It also reveals how heterogeneity in current international terminology and
definitions for ambulance times and intervals limits effective international

benchmarking of KPIs, tracking the patient journey.

7.2.1 The healthcare system response

Throughout this thesis, ambulance time intervals were used as an indicator of the
healthcare system’s capacity to respond to time-sensitive conditions during a period
of increased pressure. Key bottlenecks in the prehospital pathway for stroke/TIA
during the pandemic were identified in the systematic review (chapter 3), Republic
of Ireland temporal trends study (chapter 4) and international comparative study
(chapter 6). Potential reasons for these bottlenecks were provided by participants in

the qualitative study (chapter 5).

The response time interval was the only prehospital interval that increased during

the COVID-19 pandemic across all quantitative studies in this thesis (Chapters 2, 4,
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and 6b). However, on-scene time increased across all seven countries in the
international study (Chapter 6b), followed by the response interval, which increased
in six services during the COVID-19 pandemic. A study using the same pre-COVID-19
and COVID-19 periods as Chapters 4 and 6b also observed increases in response time
interval and on-scene time for suspected stroke/TIA during COVID-194. A Polish study
found an increase in response time interval for stroke/TIA during COVID-19°. While
a Spanish study found an increase in on-scene time only®. Furthermore, while the
studies in the systematic review (chapter 3) mainly focused on the first pandemic
wave, Chapters 4 and 6 covered two years of the pandemic. This extended period
provides a stronger basis for assessing the responsiveness and resilience of the
healthcare system in this context. Allocation performance and response time were
the only intervals to increase over the five Republic of Ireland COVID-19 waves
(chapter 4). Whereas the impact of each wave on the remaining intervals varied
(Chapter 4). The international comparative study did not examine the impact of each
wave individually, on the time intervals, due to variation in the number and timing
of waves across the countries. However, the two-year period investigated acted as
a temporal proxy, representing changes in COVID-19 public health measures over
time. Previous studies were typically limited to examining one or two early pandemic
waves, making it impossible to track time intervals for time-sensitive conditions
across different stages of COVID-19 restrictions. This thesis provides a unique
contribution by enabling the analysis of performance times throughout multiple

pandemic waves, offering insights that were previously unattainable.
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The structure of a healthcare system and the strengths and weaknesses of its
“building blocks”? can influence the system's ability to respond during a crisis. In the
international study (Chapter 6), the Australian service experienced increases in all
five-time intervals on the stroke/TIA pathway during COVID-19. Whereas services in
the Republic of Ireland, Scotland, and Northern Ireland experiences delays in four of
the five-time intervals investigated’'°. These services operate nationally or
statewide, unlike Austria®! and the Netherlands!?, which have regional services. This
suggests that a greater pool of shared resources, including staff and vehicles, may
provide more resilience during increased pressure. Furthermore, New Zealand®,
which had the strictest COVID-19 management strategy - elimination!4, saw
improved efficiency in entry to the prehospital pathway and review by practitioners
during the pandemic. This strict COVID-19 management strategy likely enhanced its
capacity to respond to suspected stroke/TIA calls more effectively than other
services. Services with the greatest number of increased time intervals were found
in countries with either national healthcare systems or COVID-19 management
strategies other than elimination. As a result, these aspects of the healthcare systems
in affected countries may represent appropriate targets for "futureproofing"

interventions to enhance resilience in future public health crises.

Healthcare professionals in the multi-stakeholder qualitative study (Chapter 5)
discussed how workforce issues during COVID-19 may have compromised the timely
operation of the acute stroke pathway. Prehospital and hospital-based healthcare
professionals noted increased time intervals at each stage of the stroke chain of

survival®>, They further believed that staff shortages during COVID-19 resulted in
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fewer available ambulances, reducing system capacity. Additionally, redeployment
led to non-specialist or less experienced staff caring for stroke/TIA survivors®’.
Interview participants from prehospital care believed that COVID-19 cleaning
protocols and PPE contributed to increased response and on-scene intervals.
International evidence supports that these factors contributed to prehospital delays
during the pandemic*%8, Prehospital participants also believed current stroke/TIA
triaging protocols limited the effectiveness of the prehospital response during the
pandemic. The highest acuity level for a stroke on AMPDS, the prehospital triage tool
used by all countries in Chapter 6, is classified as a Charlie call**?*. A Charlie call is
categorised as serious but not life-threatening yet warrants an immediate
response?®?!, Participants perceived this as a prehospital care issue because calls
triaged higher than stroke would receive priority. This could potentially delay urgent
intervention, which could impact patient outcomes, especially under increased
system pressures??. The triage level of suspected stroke/TIA did not change during
the pandemic. However, the pandemic highlighted that the current triage approach
does not match the urgency and time-sensitivity inherent in stroke/TIA calls. Review
of this protocol may be required to ensure a timey prehospital response for
stroke/TIA in ordinary and extraordinary circumstances. Furthermore, educational
support may be required for prehospital staff to understand the implications of a

delay to such calls regardless of system pressures.
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7.2.2 Interaction with the healthcare system

In this thesis service user interaction with the acute stroke pathway was
operationalised using two metrics: 1) emergency call volume for suspected

stroke/TIA and 2) time since last known well.

Emergency call volume indicates demand for prehospital care services?. The
systematic review (Chapter 3), Irish study (Chapter 4), and international comparative
study found that calls for suspected stroke/TIA declined at the onset of the COVID-
19 pandemic. Chapters 4 and 6 observed smaller declines in later stages of COVID-
19, with a significant dip during wave 4 noted in Chapter 4. This corresponded to
when Ireland’s COVID-19 incidence was the highest in the European Union?*. This
finding suggests that during peaks in COVID-19 incidence, stroke and TIA survivors
may have avoided healthcare settings due to fears of contracting the virus. All
stakeholder groups in Chapter 5 also perceived that a decreased number of
stroke/TIA presentations or delays in seeking care tended to occur during COVID-19
surges. The patient journey maps support this, showing the longest "symptom onset
to hospital arrival" and "medical assessment to hospital arrival" intervals occurred in
wave 1 (chapter 5). Most other intervals were longest during wave 4. However, “time
to imaging” was longest during wave 3. This trend was echoed by a recent systematic
review on stroke care during the COVID-19 pandemic®. A Canadian study showed
hospital admissions and presentations for ischemic stroke dropped in Wave 1%. They
increased during the lull period but didn't reach pre-pandemic levels?. By Wave 3,

they had declined further?.
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However, chapter 4 and chapter 6b noted increases in suspected stroke/TIA call
volume during the entire COVID-19 period in all countries except the Netherlands.
Some prehospital care practitioners in chapter 5 also discussed a perceived increase
in suspected stroke/TIA calls as the pandemic progressed. This echoes the results of
three further studies?’?°. This may be because stroke/TIA survivors were more
inclined to contact EMS in medical emergencies during COVID-19 rather than travel
to hospitals themselves or rely on relatives for transport*3%3l. However, in the
qualitative study equal numbers of participants arrived at hospital by ambulance and
car. Hospital-based healthcare professionals in chapter 5 noted that increased stroke
presentations later in the pandemic may be explained by the reduction in TIA
presentations during the early COVID-19 period. The primary goal of TIA assessment
and treatment is to prevent subsequent strokes®?33. Thus timely intervention for
TIAs may have potentially averted the observed rise in suspected strokes/TIA
calls®233, Similar trends were documented in a recent systematic review, which

reported a 34% decrease in TIA admissions during the pandemic®.

Another metric which indicated changes in healthcare utilisation was “time since last
known well”. This is a clinical indicator captured within the AMPDs stroke code
protocol'’. Chapters 4 and 6a documented an increase in suspected stroke/TIA cases
falling outside the defined treatment window, during COVID-19. Simultaneously
more cases with unknown onset times occurred during the pandemic in Northern
Ireland (chapter 6). The findings across these chapters have two major implications.
Firstly, if the survivor has experienced an ischaemic stroke, they now fall outside the

thrombolysis time window. Secondly, falling outside of this time window
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automatically reduces the triage level of the call?®>?! (chapter 4), possibly
compounding prehospital delays. Healthcare professionals in the qualitative study
(Chapter 5) supported these findings. They noted that stroke survivors presented
later during COVID-19. There also appeared to be an increase in the number of more
severe stroke’s presentations during COVID-19. Some studies report an increase in
severe strokes during COVID-19, while others find no change?>®>. It is noteworthy
that the reduction in presentations of strokes with milder symptoms may distort the

perception of an increase in severe strokes®.

One possible explanation for the reluctance to seek care during the COVID-19
pandemic, illustrated by dips in call volume and increased "time since last known
well" (Chapters 3, 5, 6b), may be fear (Chapter 5). Another potential explanation
may be perceived compliance with COVID-19 public health advice. Thus, the findings
of chapter 3-6 are indicative of a change in healthcare seeking behaviour of
stroke/TIA survivors. With this observation being particularly obvious during peak
COVID-19 cases and “unexpected” containment measures®®3, This change in
healthcare-seeking behaviour, called healthcare avoidance, was widely noted during
the pandemic®. Individuals facing urgent medical emergencies often avoided
services due to contagion fears®’. Furthermore, public health messaging to “stay at
home” may have been strictly followed, evening in the content of emergencies, like
a stroke or TIA. Since approximately two million brain cells die per minute during
severe ischemic strokes, care avoidance and delays can have severe consequences

for stroke/TIA survivors#®-43,
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7.2.3 Shared understanding of the patient journey

This PhD project examined the COVID-19 pandemic's impact on all stages of the
patient journey, from symptom recognition to early hospital care. The patient
journey was tracked using a quantitative approach in Chapters 3,4,6. Whereas

Chapter 5 explored this journey using qualitative methodology.

The systematic review (Chapter 3) and benchmarking study (Chapter 6a) found
significant heterogeneity in ambulance time and interval terminology and definitions
worldwide. This limits the ability to accurately compare prehospital times across the
patient journey in different countries. This may explain why, before this thesis, there
were no international studies on prehospital stroke care during COVID-19 and very
few in the prehospital space overall. The benchmarking study (chapter 6a) facilitated
accurate cross-national comparison of ambulance time intervals across seven
international services (chapter 6b). Although this approach is a positive first step,
standardising international terminology and definitions would facilitate consistent
international benchmarking**. The use of internationally standardized terminology
and definitions could facilitate the development of quality measures across different
healthcare systems**. This would enable cross-country benchmarking, ultimately

aiming to improve patient outcomes**.

The qualitative study (Chapter 5) also explored the provision and receipt of care

during the pandemic from the perspectives of multiple stakeholders. The patient
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journey was further illustrated using the novel patient journey mapping®

03pproach.

The prehospital and hospital-based healthcare professionals interviewed focused on
the maintenance of the integrity of the acute stroke pathway during the pandemic.
Whereas the stroke/TIA survivors and caregivers focused more on the user
experience. The patient journey maps give insight into the very varied experiences
of the stroke/TIA survivors and family members included in this study during the
pandemic. However, only one nurse out of fifteen healthcare professionals
interviewed even mentioned the patient experience. There seems to be a conflict
here in terms of priorities, with healthcare professionals focusing on how
modifications to the acute stroke pathway may have resulted in bottlenecks in the
chain of survival'>. Whereas, survivors and family members focused on
communication with healthcare professionals and loved ones. They also emphasized
the need for more information on navigating the acute stroke pathway. These
findings, including conflicting priorities between healthcare professionals and
survivors/family members, are reflected in two recent qualitative studies®®°.
Although this thesis focused on care provision during COVID-19, the conflicting
perspectives on priorities throughout the patient journey is a finding that can be
applied to routine care. The emphasis on process versus patient experience, whether
in a healthcare crisis or not, highlights a significant disconnect between the
viewpoints of service providers and service users. Investigating care experiences for
acute time-sensitive conditions during COVID-19, highlighted this divergence of

perspectives. Going forward, methods and strategies to better understand and
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potentially bridge this gap should be explored, with the goal of making care truly

patient-centred.

However, participants across all groups in the qualitative study (Chapter 5) believed
that “COVID-19 superseded everything”. A fact that seemed to be supported by the
quantitative evidence found in chapters 3,4,6, due to prehospital delays and
evidence of potential changes in healthcare seeking behaviour. Healthcare providers
believed that COVID-19 overshadowed the importance of other conditions. Stroke
survivors and caregivers discussed how COVID-19 limited access to healthcare. This
included primary or preventative care, and also timely access to time-dependent
therapies. However, all groups had a shared understanding that COVID-19 visitor
restrictions were challenging for all stakeholders. Healthcare professionals and
survivors/family members all believed that these restrictions affected survivors both
personally and clinically. Family members are a key support system for the stroke/TIA
survivor.>?>2 Furthermore the witness (frequently a family member) is a key source
of information for the stroke team>?>3. All groups understood the importance of the
presence and adherence to COVID-19 interventions for public health. However also
the implications of these restrictions on care experiences. Thus, it is necessary to
consider how healthcare professionals can meet individuals' needs during times of

heightened demand on the healthcare system.
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7.3 Implications of the Findings

This PhD project, utilising a multi-level mixed methods® approach to explore
healthcare system resilience amidst a “shock”>* has many potential implications for
policy, practice and research. Collectively, these implications map to all six WHO
“building blocks of the healthcare system”®. Table 7.1 summarises the policy,

practice and research implications of this thesis.
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Table 7.1 - Policy, practice and research implications of this thesis research, mapped to the WHO “Building Blocks of the

Healthcare System”?

(A) Policy Implications

Health service delivery

Leadership/governance

Health information

e Standardisation of international terminology
and definitions for ambulance times and
intervals

e  Evaluation of how different COVID-19 |
management strategies were
implemented and how they impacted
care for acute time-sensitive
conditions

Consider introducing a prehospital stroke register in
countries without one

*  More frequent stroke awareness campaigns

e Targeted communication advising the public
to continue to present to hospitals during
healthcare crises with conditions such as
stroke/TIA

(B) Practice Implications

Health service delivery | Healthcare workforce

Leadership/governance Health financing

Medicines, vaccines and technologies

Need for
continued access
to specialist stroke
teams across the
continuum of care

* Focuson .
processes to
preserve response
and on-scene
intervals for

Strengths and
weakness of

e Review of o
employment policies
during healthcare
crises to maximise
ability to preserve

design during
crises

prehospital service

e Consideration to upgrade the triage status
of a suspected stroke/TIA from a “Charlie”
call

suspected staffing levels and skill
stroke/TIA during mix
future crises
(C) Research Implications
Health service delivery Health information
e Patient journey mapping used to visualise complex interactions of service e Encourage authors to define and cite source for ambulance times

users with the healthcare system

and intervals in all outputs

¢ Novel benchmarking approach can be used to compare current international

ambulance times and intervals

e This thesis further highlights the need for standardised terminology and
definitions for ambulance times and intervals on a global scale

e  Encourage other prehospital and stroke researchers to include PPl and other
forms or stakeholder involvement throughout their studies
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7.3.1 Policy Implications

7.3.1.1 Terminology and definitions for ambulance times and intervals

The cross-section of countries represented by this thesis (chapter 3,4,6) reveals a
lack of standardised and consistent terminology and definitions for ambulance times
and intervals. The existing variation in terminology and definitions presents a
challenge for international benchmarking and research?'#4 5> |n the interim, defining
terms in publications and reports would begin to facilitate meaningful comparison.
However, the proposed methodology for benchmarking these intervals included in
this thesis (chapter 6) offers a temporary solution to conducting accurate and
appropriate international prehospital time intervals research. A permanent solution
would involve the development and uptake of internationally standardised

terminology and definitions for ambulance times and intervals.

7.3.1.2 Public Awareness of stroke

This PhD research indicates possible healthcare avoidance during the pandemic. This
is evidenced by changes in call volume for suspected stroke/TIA and prolonged
intervals from "time since last known well" to raising the alarm (Chapters 3-6).
Delayed acute stroke/TIA treatment can lead to significant complications, higher
mortality rates, and substantial costs for individuals, their families, and the
healthcare system as a whole®¢. Additionally, delays in recognising and transferring
patients to hospital contributes to prehospital mortality®’. This highlights the need
for nuanced public health messaging about seeking care for medical emergencies

during healthcare crises. Participants across all groups interviewed in Chapter 5
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emphasised the need for more frequent and continuous stroke public awareness
campaigns, such as the F.A.S.T. campaign run by the Irish Heart Foundation®®>?. They
recommended these campaigns include specific references to the advantages of
calling an ambulance rather than traveling to the hospital by private car. However,
as these campaigns can be costly, a cost-benefit analysis may be required before

further campaigns can be considered>8=?.

7.3.2 Practice Implications

7.3.2.1 Ambulance time intervals responsible for prehospital delays during COVID-
19

Chapters 3, 4, and 6 of this thesis found that the "response" interval and "on-scene
time" were the most commonly implicated in prehospital delays during COVID-19.
System evaluations should identify modifiable factors to preserve these times during
routine stroke/TIA care and public health crises***3, This approach would enhance
preparedness and learning for future crises, leading to a more resilient healthcare
system’*. As prehospital services come under intense pressures each winter, these

findings have relevance for both routine and crises prehospital services planning.

7.3.2.2 Need for specialist and consistent stroke healthcare workforce

Interview participants in Chapter 5 highlighted COVID-19-related workforce issues,
which appeared to contribute to the prehospital delays observed in Chapters 3, 4,
and 6. Redeployment of prehospital practitioners and stroke team members to

COVID-19 related activities resulted in non-specialist healthcare professionals caring
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for stroke survivors. Stroke care requires access to specialist multidisciplinary teams
for optimal patient outcomes®®>l. Thus, a review of staffing policies during
healthcare crises may be required to optimise the ability to maintain staffing levels

and ensure an appropriate skill mix within acute stroke services.

7.3.3.3 Prehospital triage of suspected stroke/TIA

Prehospital practitioners in Chapter 5 highlighted the need to review the current
triaging protocol for suspected stroke/TIA within the AMPDS system®?21, This could
be a contributing factor to increased prehospital delays during COVID-19; specifically
for entry into and advancement through the prehospital pathway (activation,

mobilisation and response time intervals?!).

7.3.3 Implications for Research

7.3.3.1 Patient Journey Mapping Approach

This PhD project used the novel “patient journey mapping”4>>° approach to visualise
the complex interactions of stroke/TIA survivors with the acute stroke pathway
during a pandemic period. This method illustrated the bottlenecks that were
quantitatively summarised in Chapter 3, 4, and 6. Furthermore it captures the
heterogeneity of survivor and caregivers’ experiences. Utilising this method in this
manner may encourage other researchers to adopt this approach. This approach
may further inform HCPs, so they can meet survivors and caregivers needs*>°. As

seen in this work, perspectives can differ between service users and providers, with
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HCPs often focusing on different aspects of care to survivors and caregivers. Patient-
reported outcomes are increasingly valued by HCPs and can significantly impact
quality of life, symptom burden, and health behaviors*~°. Fully understanding the
patient journey is crucial for HCPs to provide effective care, both during crises and in

routine care settings.

7.3.3.2 Novel method for comparing ambulance times and intervals across
countries

The methodology outlined in Chapter 6a to compare ambulance times and intervals
across services was co-developed with members of the Prehospital Care of Stroke
Consortium. While the ultimate goal is to develop and adopt standardized
international definitions and terminology for ambulance times and intervals, this
method can facilitate international benchmarking and quality improvement projects

in the interim.

7.3.3.3 Encouraging increased inclusion of stakeholder engagement in prehospital

research

Patient and Public Involvement is a concept that is considered novel and a very recent
condition to prehospital research in the Republic of Ireland. PPl was embedded
within all aspects of this PhD work, throughout all stages of the research cycle®®®!,
The PPI panel played a crucial role in shaping and co-developing this study across all

phases. The goal was to involve the panel at every possible stage to enrich the

research by incorporating their lived experiences. This approach proved highly
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beneficial, as integrating the perspectives of stroke/TIA survivors greatly enhanced
the study's purpose, impact, and overall implications. Thus, this may enhance the
knowledge of prehospital researchers of PPl and encourage further inclusion of PPI

contributors in prehospital stroke research.

7.4 Directions for Future Research

7.4.1 International consensus on terminology and definitions for
ambulance times and intervals

This PhD project laid the foundation for alignment of terminology and definitions for
ambulance times and intervals across countries and regions. However larger multi-
stakeholder consensus studies conducted on a broader range of countries would be
required to achieve standardisation. Thereafter standardisation will enable more
accurate comparisons within the same health system over time, between different

healthcare systems, or across regions or nations*+¢2,

7.4.2 Longer term impact of delayed care for suspected stroke/TIA

This thesis indicates that there was a change in healthcare seeking behaviour
amongst stroke/TIA survivors during the COVID-19 pandemic. Thus, research is
required to investigate longer term outcomes of stroke/TIA survivors who delayed

seeking treatment during the COVID-19 pandemic.
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This research further highlighted the need for a prehospital stroke register in Ireland.
Currently the INAS is not linked with prehospital data, and without a unique health
identifier in Ireland it is currently not possible to follow the patient through their
entire stroke pathway of care. Initially, presenting the cohesive findings of this
research to key stakeholders could demonstrate the value of collecting data across

the entire stroke chain of survival.

7.4.3 Prehospital stroke/TIA care before, during and after the COVID-19
pandemic

This work focused on comparing time intervals pre-COVID-19 and during COVID-19.
Future work may consider furthering this analysis but also conducting a comparison
with a post-COVID-19 period. The current analysis included post-lockdown periods.
However, considering periods after the lifting of all restrictions in a region would
identify whether the system is resilient, and has returned to its pre-COVID-19 state,

or learnt lessons and improved.

7.4.4 Potential reasons for increased suspected stroke/TIA call volume
during COVID-19

Further studies are required to investigate reasons behind the notable increase in
suspected stroke/TIA call volume across countries during the COVID-19 pandemic.
Prior research indicates that the systemic inflammation triggered by COVID-19 could
elevate the risk of experiencing a stroke®®. Although this thesis has identified the

changing patterns of call volume during COVID-19 and potential reasons for these
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observations, robust evidence on a causal link between COVID-19 and stroke is

currently lacking®.

7.4.5 Context specific evaluation of prehospital delays during COVID-19

Apart from the response interval and on-scene time, there was significant
heterogeneity in the impact of COVID-19 on ambulance time intervals in this thesis.
Therefore, context- and country-specific evaluations are necessary to identify the
strengths and weaknesses of the building blocks of each country's healthcare

system?°.
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7.5 Strengths and Limitations

7.5.1 Strengths

Firstly, this PhD thesis uses a multilevel mixed methods approach?, involving the
integration of qualitative and quantitative strands of investigation. Thus, this
approach confers rich, meaningful, and reliable results. The Irish temporal trends
analysis and the international comparative study quantify the impact of the COVID-
19 pandemic on prehospital stroke/TIA care. Whereas the qualitative study provides
multistakeholder meaningful insights into access and provision of acute stroke/TIA
care during the COVID-19 pandemic. When combined, both approaches provide a
comprehensive and holistic overview of the stroke/TIA survivor journey through

acute stroke care during the COVID-19 pandemic!>1°,

Secondly, stakeholder involvement was integral to this project, including Patient and
Public Involvement as well as stakeholders from neurology, stroke, emergency
medicine, and prehospital care. Their participation spanned from the refinement of
the research question to the dissemination of findings. The creation of two
international prehospital consortia, arising from this PhD project is testament to the

quality of stakeholder involvement engaged throughout.

Thirdly, the qualitative study in this PhD thesis included healthcare professionals
from both prehospital and hospital settings, as well as stroke/TIA survivors and
caregivers. This multistakeholder approach provided a comprehensive view of the

stroke/TIA survivor journey through the healthcare system during a public health
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crisis. Additionally, it offered a platform to highlight the presence or absence of

shared understanding among the included groups.

Fourthly, this thesis employed novel methodology to compare terminology and
definitions for ambulance times and intervals across a cross-section of international
ambulance services. This facilitated an international comparative study involving
seven international services. This approach enabled a robust assessment of the
resilience of the prehospital stroke pathway during a public health crisis, with

learnings across systems with different “building blocks”.
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7.5.2 Limitations

Firstly, within this PhD project, suspected stroke is being investigated rather than
confirmed stroke diagnoses. However, whether the diagnosis is verified, the same
criteria should have been applied to patients experiencing acute stroke symptoms at
the prehospital stage. Therefore, this limitation shouldn't significantly hinder
interpreting the results, particularly trends over time. Additionally, the number of
stroke/TIA cases presenting with "abnormal breathing" increased during COVID-19
among three of the seven countries studied in the international comparative study
which may partially account for the rise in suspected stroke/TIA call volume, in those

instances.

Secondly, although robust regression analyses were conducted in the national and
international studies on time intervals, the methods themselves have limitations .
In the multivariable linear regression models, adjustments could only be made for
observed confounders®*. The R? values indicate that the included independent
variables only explain a modest percentage of the variance in the dependent
variables (prehospital time intervals). Also, further potential confounders, such as
traffic volume was included in the intervals analysis for the Irish study. However,
due to data availability and resource constraints was not included for the
international comparative study®*. All covariates included in these models were
chosen on a priori based on existing literature and clinical judgment, supported by
stakeholder involvement®*. This thoughtful selection of covariates was essential in

generating minimally biased results®*.
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In terms of the emergency call volume analysis in Chapter 4 ARIMA modelling
typically requires relatively long time series, with a common rule of thumb being at
least 50 observations to estimate seasonal components®. Due to limitations in data
access at the time of this study (2022 data not being available until 2023) this may
limit the acceptability of ARIMA models in this instance. Secondly, the described
model estimation process involves fitting a model form, particularly determining the
order of autoregressive and moving average terms, to the observed data®®. While
this is effective in depicting the observed time trend, such an approach may restrict
the model's usefulness in characterising trends in alternative contexts®. Finally, like
all models, ARIMA models should be considered as one potential model and
subjected to scrutiny®>. However, ARIMA has been used widely in COVID-19 analyses,
as enables the incorporation of relationships between observations®>. ARIMA models
are capable of investigating changes relative to the underlying background trends in
the data®. This is particularly important in a study comparing outcomes pre-COVID-

19 and during COVID-19.

Thirdly, COVID-19 represents an unprecedented, multifaceted phenomenon that has
profoundly affected healthcare and healthcare systems. It is not a uniform, discrete
intervention, and even categorising it as a temporal exposure may oversimplify its
impact. However, to examine the effects on healthcare systems and human
behaviour during this period, we required a defined time frame based on nationally
and internationally adopted definitions®. Moreover, accommodations for this
complexity were made by comparing different waves of the pandemic in Chapters 4

and 5%,
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Fourthly, although the datasets used in the quantitative analysis were accurate and
complete in terms of the main outcomes, there was some missing and incomplete
datasets for other variables. Due to data warehousing systems and retention policies
of the Northern Ireland Ambulance Service, limited data was available for 2018 and
2019. Thus, ambulance time intervals could not be analysed for those two years for
that service. Additionally, it is important to note that the data utilised in the study
was gathered by practitioners during their routine work, thus various reasons may

contribute to the missing or incomplete nature of some of the data®’.

Lastly, since participant interviews took place between April and August 2023, recall
bias may have influenced the accuracy of their accounts regarding experiences
during COVID-19 events. The WHO did not declare that COVID-19 was no longer
classed as a pandemic until 5t May 2023%. However, most public health restrictions
in the Republic of Ireland were lifted by the end of February 2022%°. Thus, up to three
years could have elapsed since participants or their family member had their
stroke/TIA. This phenomenon may also have affected HCPs. Thus, participants may
experience memory decay, where they fail to recall events entirely’®. The degree of
this phenomenon often correlates with the length of the recall period’*”3. For
instance, a longer recall period, such as over 12 months compared to 6 months, may
result in a greater quantity of information being forgotten over time’*”3. However,
salient, and less frequent healthcare utilisation events, like hospitalisations and
specialist visits, are more accurately self-reported in comparison to more routine
and frequent events, such as GP visits’*”3. Furthermore, stroke/TIA survivors who

believed they may miss or forget pertinent information selected to be interviewed
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in a dyad. Also, ample time was given between recruitment and the interview, so
that survivors and caregivers could reflect on their past experiences or refer to diaries
or otherwise. Additionally, the inclusion and exclusion criteria used for the qualitative
interviews may have introduced selection bias. Stroke survivors who could not
provide informed consent and those with communication impairments that could
impede their engagement were excluded from the study. This also meant excluding
those with very severe stroke-related disabilities or who died of stroke during the
pandemic. Consequently, the caregivers of these stroke patients were also excluded.
Although this study achieved variation in stroke survivor journeys through
"maximum variation sampling”’478, the potentially distinct experiences of the

excluded participants were not captured, leaving those perspectives unrepresented.
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7.6 Conclusion

This thesis used a multistakeholder mixed methods approach to investigate the
resilience of the acute stroke pathway during a public health crisis. The prehospital
management of patients with suspected stroke remains a crucial aspect of the stroke
chain of survival and is a target for enhancing the timeliness of stroke care delivery
and patient transport. This body of work highlighted prehospital delays, particularly
prolonged response and on-scene intervals, during COVID-19. Additionally, this
research indicates potential care avoidance by stroke/TIA survivors during the
pandemic. It also identified a lack of shared understanding of international
terminology and definitions for ambulance times and intervals, as well as the
importance of the patient journey. Other factors relevant to routine acute stroke/TIA
care, such as lack of public awareness of stroke symptoms and failures to involve
EMS, were also noted. Therefore, concerted efforts are required across all
stakeholder groups to optimise all aspects of the stroke chain of survival. Further
studies are needed to investigate the long-term impacts of the COVID-19 pandemic

on emergency stroke/TIA care.
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Appendix 3.1 - Systematic review protocol on PROSPERO
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Appendix 3.2 - Peer Review in Electronic Search Strategy Criteria Checklist

Has the research question been translated correctly into search concepts (e.g., PICO) i.e. does the search strategy
match the research question?

Are the search concepts clear?

Are there "too many" search concepts?

Are any of the search concepts too narrow or too broad?

Does the search appear to retrieve too many or too few records?

Are there any mistakes in the use of Boolean or proximity operators?

Are there any mistakes in the use of nesting with brackets?

If NOT is used, is this likely to result in any unintended exclusions?

Could precision be improved by using proximity operators (e.g., adjacent, near, within instead of AND?

Is the width of any proximity indicators, correct?

Are the subject headings relevant?

Any subject headings missing?

Are any subject headings too broad or too narrow?
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Are subject headings exploded where necessary and vice versa?

Are sub-headings attached to subject headings (floating subheadings may be preferred)

Are subheadings used instead of relevant subject headings and vice versa?

Are both subject headings and natural language terms (see below) used for each concept?
If there is a reason provided for not doing so, does the reason appear sound?

Does the search miss any spelling variants in free text?

Does the search miss any synonyms?

Does the search miss truncation or truncate at the wrong point?

If an acronym or abbreviation if used, is the full term also included?

Are apparently irrelevant or excessively broad natural language terms used?

Are there any spelling errors?

Are there any errors in system syntax or wrong line numbers?

Do any of the limits used seem unwarranted?

Are any filters used appropriate for the topic?

Are any potentially useful limits or filters missing?

Is starring (restrict to focus) used and if so, is there adequate justification for this?
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Does the searcher indicate that the search strategy has been adapted for additional databases and/or interfaces?

Are the adaptations available for review, and correct?
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Appendix 3.3 - Database Search Terms for 31.05.2022 and 26.04.2023 Searches
PubMed terms:

((("CcOoVID-19"[Title/Abstract] OR covid [Title/Abstract] OR coronavirus™*[Title/Abstract] OR "novel coronavirus™*"[Title/Abstract] OR
lockdown*[Title/Abstract] OR pandemic*[Title/Abstract]) OR (SARS-CoV-2[MeSH Terms]))

AND

(("cerebrovascular accident*"[Title/Abstract] OR "cerebrovascular disease*"[Title/Abstract] OR "transient ischaemic
attack*"[Title/Abstract] OR "transient ischemic attack™"[Title/Abstract] OR "TIA"[Title/Abstract] OR "cerebrovascular
event*"[Title/Abstract]) OR (stroke*[MeSH Terms])))

AND

(("pre hospital"[Title/Abstract] OR prehospital[Title/Abstract] OR "pre-hospital"[Title/Abstract] OR EMS[Title/Abstract] OR
ambulance*[Title/Abstract] OR "emergency care"[Title/Abstract] OR paramedic*[Title/Abstract] OR 999[Title/Abstract] OR
112[Title/Abstract] OR 911[Title/Abstract] OR "emergency department™*"[Title/Abstract] OR "out-of-hospital"[Title/Abstract] OR
emergenc*[Title/Abstract] OR "hospital referral*"[Title/Abstract] OR "emergency admission*"[Title/Abstract] OR "time-to-
treatment"[Title/Abstract] OR "acute stroke care"[Title/Abstract] OR "acute stroke therapy"[Title/Abstract]) OR (emergency
medical services[MeSH Terms]))

Embase search terms:

'emergency care'/exp OR'emergency medical service*':ab,ti OR ems:ab,ti OR ambulance*:ab,ti OR paramedic*:ab,ti OR 999:ab,ti
OR 911:ab,ti OR 112:ab,ti OR 'pre hospital':ab,ti OR prehospital:ab,ti OR 'emergency department*':ab,ti OR 'out-of-hospital':ab,ti
OR 'acute stroke care':ab,ti OR 'acute stroke therapy':ab,ti OR 'time-to-treatment':ab,ti OR 'emergency service*":ab,ti OR
emergenc*:ab,ti

AND

'Cerebrovascular accident'/exp OR stroke*: ab, ti OR 'transient ischaemic attack*’: ab, ti OR 'transient ischemic attack*’: ab, ti OR
tia: ab, ti OR 'cerebrovascular disease™’: ab, ti OR 'cerebrovascular event™*’: ab, ti

AND

'Coronavirus disease 2019'/exp OR 'covid-19’: ab, ti OR 'sars-cov-2': ab, ti OR covid: ab, ti OR 'novel coronavirus19’: ab, ti OR
coronavirus™®: ab, ti OR lockdown*: ab, ti OR pandemic*: ab, ti
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ProQuest Central search terms:

(((AB,TI("emergency medical service*") OR AB,TI(EMS) OR AB,TI(ambulance*) OR AB,TI("emergency care") OR AB,Tl(paramedic*)
OR AB,TI(999) OR AB,TI(911) OR AB,TI(112) OR AB,TI("emergency department*") OR AB,TI("out-of-hospital") OR AB,TI (emergenc*)
OR AB,TI("hospital referral*") OR AB,TI("emergency admission*") OR AB,TI("acute stroke care") OR AB,TI("acute stroke therapy")
OR AB,TI("time-to-treatment") OR AB,TI("emergency service*") OR AB,TI ("pre hospital") OR AB,TI(prehospital) OR AB,TI("pre-
hospital")) AND PEER(yes)) OR (mainsubject.Exact("emergency services") AND PEER(yes)))

AND

((mainsubject. Exact("stroke") AND PEER (yes)) OR ((AB, Tl ("cerebrovascular accident*") OR AB, Tl ("transient ischaemic attack*")
OR AB, TI ("transient ischemic attack™") OR AB, TI(TIA) OR AB, Tl ("cerebrovascular disease*") OR AB, Tl ("cerebrovascular event*"))
AND PEER (yes)))

AND

((mainsubject. Exact("covid-19") AND PEER (yes)) OR ((AB, TI("SARS-CoV-2") OR AB, Tl (coronavirus*) OR AB, TI ("novel

coronavirus19") OR AB, Tl (covid) OR AB, Tl (lockdown*) OR AB, Tl (pandemic*)) AND PEER (yes)))

Web of Science search terms:

TS= ("prehospital" OR "pre-hospital" OR prehospital OR "emergency medical service*" OR "emergency care" OR EMS OR
ambulance* OR paramedic* OR 999 OR 911 OR 112 OR "emergency department*" OR "out-of-hospital" OR emergenc* OR "hospital
referral*" OR "emergency admission™" OR "time-to-treatment" OR "acute stroke care" OR "acute stroke therapy")

AND

TS= (stroke™ OR "cerebrovascular accident™" OR "transient ischaemic attack*" OR "transient ischemic attack" OR TIA OR
"cerebrovascular disease™" OR "cerebrovascular event*")

AND

TS=("COVID-19" OR "SARS-CoV-2" OR covid OR coronavirus* OR "novel coronavirus*" OR lockdown * OR pandemic*)

TS - topic - title/abstract/keywords

Scopus search terms:
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TITLE-ABS ( "pre hospital" ) OR TITLE-ABS ( "pre-hospital”) OR TITLE-ABS ( prehospital ) OR TITLE-ABS ( "emergency medical
service*") OR TITLE-ABS ( "emergency care") OR TITLE-ABS (ems) OR TITLE-ABS ( ambulance* ) OR TITLE-ABS

( paramedic* ) OR TITLE-ABS ( 999 ) OR TITLE-ABS ( 911) OR TITLE-ABS ( 112 ) OR TITLE-ABS ( "emergency

department*") OR TITLE-ABS ( "out-of-hospital") OR TITLE-ABS ( emergenc* ) OR TITLE-ABS ( "hospital referral*") OR TITLE-
ABS ( "emergency admission*") OR TITLE-ABS ( "time-to-treatment" ) OR TITLE-ABS ( "acute stroke care" ) OR TITLE-ABS ( "acute
stroke therapy" ) ARTICLE

AND

TITLE-ABS (stroke*) OR TITLE-ABS (“cerebrovascular accident*”) OR TITLE-ABS (“transient ischaemic attack*”) OR TITLE-ABS
(“transient ischemic attack™”) OR TITLE-ABS (tia) OR TITLE-ABS (“cerebrovascular disease*”) OR TITLE-ABS (“cerebrovascular
event™*”) ARTICLE

AND

TITLE-ABS (“COVID-19”) OR TITLE-ABS (“SARS-CoV-2") OR TITLE-ABS (covid) OR TITLE-ABS (coronavirus*) OR TITLE-ABS (“novel
coronavirus*”) OR TITLE-ABS (lockdown™) OR TITLE-ABS (pandemic*) ARTICLE

Wiley search terms:

"stroke* OR "cerebrovascular accident*" OR "transient ischaemic attack*" OR "transient ischemic attack” OR TIA OR
"cerebrovascular disease*" OR "cerebrovascular event*"" anywhere

AND

""COVID-19" OR "SARS-CoV-2" OR covid OR coronavirus* OR "novel coronavirus*" OR lockdown * OR pandemic*" anywhere
AND

""prehospital" OR "pre-hospital" OR prehospital OR "emergency medical service*" OR "emergency care" OR EMS OR ambulance*
OR paramedic* OR 999 OR 911 OR 112 OR "emergency department*" OR "out-of-hospital" OR emergenc* OR "hospital referral*"
OR "emergency admission*" OR "time-to-treatment" OR "acute stroke care" OR "acute stroke therapy" anywhere
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Appendix 3.4 - Form Used for Input from Expert Stakeholders

Paper Author Outcome(s) | Location EB comment SM comment AM comment

number

Primary outcome (ambulance time intervals)

Secondary outcome (call volume) only

Primary outcome (ambulance time intervals) and secondary outcome (call volume)

Appendix 3.5 - Data Extraction Form Used in This Systematic Review and Meta-analysis
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Author(s), month,
year of
publication,
country

Aims/purpose

Stroke/TIA

Study design

Country/region

Income level
of country

Sample size in studies,
sex, age

COVID-19 cases numbers/ICU
numbers/hospitalizations

443




EMS system

Definition
of EMS
call
volume

Activation
time
interval
before
and
during
the
pandemic

Total
prehospital
time
interval

Response
time
interval
before
and
during the
pandemic

Patient
care time
interval
before and
during
pandemic

Call
volumes
before and
during the
pandemic

Time
period
(pre and
during
COVID-19
pandemic)

Method of
stroke/TIA
diagnosis

Total calls during pandemic
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Appendix 3.6 - Patient and Public involvement in this review reported

using The GRIPP2 checklist (short version)
1. Aim - Report the aim of PPI in this study

The aim of PPI in this study was to ensure those with lived experience of stroke/TIA

helped to shape the review, from research question development to dissemination.
2. Methods - Provide a clear description of the methods used for PPI in the study

We worked with a PPI panel of 5 stroke survivors (2 female, 3 male) from a stroke
support group to refine the research question, develop the protocol®® and
disseminate review results. EB facilitated three face-to-face meetings with the PPI
panel. Firstly, the panel were consulted on their language preferences surrounding
people who have had a stroke/TIA. The PPI contributors were asked to suggest
synonyms were “stroke” and “TIA” to be included in the search strategy. The group
were also asked to identify key outcomes that were important to them in the
prehospital phase of their stroke/TIA journey. The group were also involved in the
interpretation of findings as EB presented the group with key findings to discuss and
identify potential gaps. Finally, the panel were tasked with identifying key

stakeholder groups to target for dissemination.

3. Study results - Outcomes - Report the results of PPI in the study, including both
positive and negative outcomes
The PPI contributors advised that they prefer the term “stroke/TIA survivor” over

“stroke/TIA patient” or “stroke/TIA victim.” They also suggested synonyms such as
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“mini stroke” and “brain attack” for potential inclusion in the search strategy. In
terms of dissemination, the group identified key relevant policy and practice
stakeholders for dissemination, as well as compiling a lay summary which is displayed

on the stroke support group’s website Ambulance times and calls for suspected

stroke and TIA (mini-stroke) during the COVID-19 pandemic : What's in the papers?

- Cork Stroke Support. They suggested that healthcare professionals, including the

ambulance services, and policy makers should be aware of study findings. The PPI
panel also stressed that stroke/TIA survivors and their families/caregivers needed to

be informed of study results.

4. Discussions and conclusions - Outcome - Comment on the extent to which PPI
influenced the study overall. Describe positive and negative effects

The PPI panel were involved in the development of the research question that
inspired this review. We wished to include the panel as much as possible throughout
the study. However, due to time constraints and training requirements we did not

involve PPI contributors in the title/abstract screening process.

5. Reflections/critical perspective - Comment critically on the study, reflecting on
the things that went well and those that did not, so others can learn from this

experience

Overall, the inclusion of PPl throughout this review was a positive experience. We

believe the purpose, impact and implications of the review were enriched by the
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https://www.corkstrokesupport.ie/ambulance-times-and-calls-for-suspected-stroke-and-tia-mini-stroke-during-the-covid-19-pandemic-whats-in-the-papers/
https://www.corkstrokesupport.ie/ambulance-times-and-calls-for-suspected-stroke-and-tia-mini-stroke-during-the-covid-19-pandemic-whats-in-the-papers/
https://www.corkstrokesupport.ie/ambulance-times-and-calls-for-suspected-stroke-and-tia-mini-stroke-during-the-covid-19-pandemic-whats-in-the-papers/

inclusion of the lived experience of stroke/TIA. However effective PPI requires time
and other resources. Thus, within the confines of a PhD it can be challenging to

include optimal levels of PPI.
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Appendix 3.7 - Forest plots of subgroup analyses for activation time interval

(a) Pre - Covid Covid
Study N Mean SD N Mean SD

Covid - 19 cases < 1000 per million
Kim et al. 2021 1,570 2.33 0.74 1,441 2.33 0.74 t
Heterogeneity% T 0.00,2I= %, A=

Test of 8= 6 Q(0) =0.00,p =.
Testof6=0:2=0.12, p=0.90

Covid - 19 cases >= 1000 per million

Ram Seo et al. 2022 234 167 0.75 231 2.33 0.75—M—
Heterogeneity®  0.00,71= .%, A= . e
Test ofi= 6§ Q(0) =0.00,p =.

Testof 86 =0:z=-9.59, p=0.00

Overall S — —
Heterogeneity’ ¥ 0.22,°I= 98.76%, Hr 80.52
Test of 8= § Q(1) = 80.52, p = 0.00

Testof 6=0:z=-0.98, p=0.33

Test of group differences1R= 80.52, p = 0.00

pre - Covid Covid
Study N Mean SD N Mean SD
Covid - 19 deaths < 200 per million
Ram Seo et al. 2022 234 167 075 231 233 075 ——
Heterogeneity: =000, =% H =. -

Testof 8=06;: Q(0)=0.00,p=.
Testof 8 =0:z=-9.59, p=0.00

Covid - 19 deaths > 200 per million



(c)

Pre - Covid Covid
Study N Mean SD N Mean SD
Covid - 19 ICU admissions <2 per million
Kim et al. 2021 1,570 233 074 1,441 233 074
Heterogeneity: 1 = 0.00, | P %, H = .
Testof 8i=0;:Q(0)=0.00,p=.
Testof6=0:z=0.12,p=0.90

Covid - 19 ICU admissions > 2 per million

Ram Sec et al. 2022 234 167 075 231 233 075 ——
Heterogeneity: 1 = 0.00, | f %, H = o
Testof 6:=6;:Q(0)=0.00,p=.

Testof8=0:z=-9.59, p=0.00

Overall —
Heterogeneity: T °=0.22,1 °=98.76%, H *=80.52
Testof 8= 6; Q(1) = 80.52, p = 0.00
Testof0=0:z2=-0.98, p=0.33

Test of group differences: Q (1) =80.52, p = 0.00

Appendix figure 3.7(c) - Subgroup analysis of activation time interval by COVID-19 ICU admissions per
million
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Appendix 3.8 - Forest plots of sensitivity analysis for activation time interval

(a)

Pre - Covid Covid
Study N Mean SD N Mean SD

Kim et al. 2021,570 2.33 0.74 1,441 2.33 0.74

Overall

Heterogeneitzy.= 0.003 . %, ?H= .
Testof 8 @ Q(0) =0.00,p =.
Testof 6=0:z=0.12,p=0.90

Appendix figure 3.8(a) - Sensitivity analysis of activation time interval by its definition
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Appendix 3.9 - Forest plots of subgroup analyses for response time interval

() Pre - Covid Covid
Study N Mean SD N Mean SD
Asia
Kim et al. 2021 1,570 6 2968 1441 7 2.968 [ |
Lee et al. 2021 170 7.667  2.991 86 1067 4524 ik
Park et al. 2022 948 9333 3712 3296 9.667  4.45 i
Ram Seo et al. 2022 234 7 1492 231 8667 2238 =
Heterogeneity: 1 °=1.09,1 “=97.34% H ’=37.62 >

Testof @ i=0 ;:Q(3)=49.80,p=0.00
Testof 6 =0:z=-2.67,p=0.01

Europe

Zini et al. 2020 97 154 402 118 12.9 5.8 -
Ramos-P4chon 2021 664 8333 5201 565 8 4.459 [ |
Blek et al. 2022 9378 1167 5931 9544 1433 8.156 [ |

Padroni et al. 2022 164 1458 5796 57 1567 5.324 —-
Heterogeneity:1 - =237,1 “=9518% H =2075 =T he

Testof 6 i=0 ;:Q(3)=105.14, p=0.00
Testof 6=0:z=-1.07,p=0.28

Overall <>
Heterogeneity: 1 “=137,1 “=9750%,H ~=39.99

Testof =90 ; Q(7)=257.22, p= 0.00

Testof 6 =0: z=-2.80, p=0.01

Test of group differences: Q b(1)=0.19, p=0.66

Appendix figure 3.9 (a) - Subgroup analysis of response time interval by location
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Pre - Covid Covid

Study N Mean SD N Mean SD

(b) 0 - 2000 Covid - 19 cases per million
Kim et al. 2021 1,570 6 2968 1441 7 2968 [ |
Lee et al. 2021 170 7.667 2991 86 10.67 4.524 E
Park et al. 2022 948 9.333 3.712 3296 9.667 4.45 [ ]
Ram Seo et al. 2022 234 7 1492 231 8667 2.238 [ |
Heterogeneity:1  “=1.09,1 *=97.34% H ’=37.62 <©

Testof 6 =0 ;:Q(3) =49.80, p=0.00
Testof0=0:z2=-267, p=0.01

2000 - 4000 Covid - 19 cases per million
Ramos-Péachon 2021 664 8333 5.201 565 8 4459 [ |
Padroni et al. 2022 164 1458 5796 57 1567 5324 —i-
Heterogeneity: 1  “=058,1 “=5813%H =239 <]
Testof6 =6 ;:Q(1)=239,p=0.12
Testof 6=0:2=-0.20, p=0.84

4000 - 6000 Covid - 19 cases per million

Zini et al. 2020 97 15.4 40.2 118 129 58
Heterogeneity:1  “=0.00,1 =% H °=. —
Testof® i=6;:Q(0)=000,p=.

Testof6=0:z=0.67, p=0.50

> 6000 Covid - 19 cases per million

Blek et al. 2022 9378 1167 5931 9544 1433 8.156 |
Heterogeneity:1  “=000,1 ‘=% H “=. ¢
Testof ;=6 ;:Q(0)=0.00,p=.

Testof 6 =0:z=-25.69, p=0.00

Overall <
Heterogeneity:1 > =1.37,1 *=97.50% H °=39.99

Testof8 =0 ;) Q(7)=257.22, p = 0.00

Testof 8=0:z=-2.80,p=0.01

Test of group differences: Q »(3)=20.49,p =0.00

Appendix figure 3.9 (b) - Subgroup analysis of response time interval by COVID-19 cases per million
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Pre - Covid Covid

Study N Mean SD N Mean SD

(c) 0 - 500 Covid - 19 deaths per million
Kim et al. 2021 1,570 6 2968 1,441 7 2968 O
Lee et al. 2021 170 7.667 2.991 86 1067 4524 it
Park et al. 2022 948 9.333 3.712 3,296 9.667 4.45 [ |
Ram Seo et al. 2022 234 7 1.492 231 8.667 2.238 |
Heterogeneity: 1 = 1.09, 1> = 97.34% H ’ = 37.62 Lo

Test of 6i = 0;: Q(3) = 49.80, p = 0.00
Testof 6 =0:z=-2.67,p=0.01

1000 - 1500 Covid - 19 deaths per million
Ramos-P&chon 2021 664 8.333 5.201 565 8 4.459 []
Heterogeneity: 1 2= 0.00, I = %, H 2=,
Test of 8i=0;: Q(0)=0.00,p=.

Testof6=0:z2=1.19,p =023

500 - 1000 Covid - 19 deaths per million

Zini et al. 2020 97 154 402 118 129 58
Padroni et al. 2022 164 1458 5796 57 1567 5324 —
Heterogeneity: 7 > = 0.00, I > = 0.00%, H” = 1.00 <=

Testof 6;=0;: Q(1)=0.87, p=0.35
Testof 6=0:z=-1.06,p=0.29

> 6000 Covid - 19 deaths per million

Blek et al. 2022 9,378 11.67 5931 9,544 14.33 8.156 |
Heterogeneity: 7 > = 0.00, 17 = %, H” = . ¢
Test of 8i=0;: Q(0)=0.00,p=.

Testof 8 =0:z=-25.69,p=0.00

Overall <>
Heterogeneity: 1 > = 1.37, 1> = 97.50%, H * = 39.99

Test of 8= 8 Q(7) = 257.22, p = 0.00

Testof 6=0:z=-2.80, p=0.01

Test of group differences: Q »(3) = 106.65, p = 0.00

Appendix figure 3.9 (c) - Subgroup analyses of response time interval by COVID-19 deaths per
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(d) Pre - Covid Covid

Study N Mean SD N Mean SD

0 - 25 Covid - 19 ICU admissions per million

Kim et al. 2021 1,570 6 2.9681,441 7 2.968 [ |
Lee et al. 2021 1707.6672.991 86 10.674.524 1k
Park et al. 2022 948 9.3333.7123,2969.667 4.45 L
Ram Seo et al. 2022 234 7 1492 23186672238 M
Heterogeneify=1.09" £ 97.34% H37.62 R

Test of 8 @ Q(3) =49.80, p =0.00
Testof 6=0:z=-2.67,p =0.01

> 25 Covid - 19 ICU admissions per million
Zini et al. 2020 97 154 402 118 129 538 .
Padroni et al. 2022 164 14.585.796 57 15.675.324
Heterogeneify=10.00° £ 0.00%H 1.00

Testof 6 @ Q(1) =0.87,p =0.35

Testof 6=0:z=-1.06, p=0.29

X

Overall <&
Heterogeneify=10.87 + 94.67%: H18.76

Test of 8 @ Q(5) = 50.69, p = 0.00

Testof 6=0:z=-2.97, p=0.00

Test of group differengds:=0.29, p = 0.59

Appendix figure 3.9 (d) - Subgroup analysis of response time interval by COVID-19 ICU admissions per million
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(e)

Pre - Covid Covid

Study N Mean SD N Mean SD

200 - 400 Covid - 19 hospitalisations per million

Padroni et al. 2022 164 14.58 5.796 57 15.67 5.324 i
Heterogeneity: 1° = 0.00, I’ = %, H’ = . ——e R ———

Test of 6 =06;: Q(0)=0.00,p =.
Testof0=0:z=-1.24 p=0.21

< 200 Covid - 19 hospitalisations per million

Blek et al. 2022 9,378 1167 5931 9,544 1433 8.156 B
Heterogeneity: 1~ = 0.00, I’ = %, H’ = . <
Test of 8 = 6;: Q(0) = 0.00, p =.

Testof8=0:z=-25.69, p=0.00

Overall e
Heterogeneity: 1~ = 0.87, I’ = 69.15%, H’ = 3.24

Testof 8 =8, Q(1) = 3.24, p = 0.07

Testof8=0:2=-2.80,p =0.01

Test of group differences: Qy(1) = 3.24, p = 0.07

Appendix figure 3.9 (e) - Subgroup analysis of response time interval by COVID-19 hospitalisations per million

455



Appendix 3.10 - Forest plots of sensitivity analysis for response time interval

Pre - Covid Covid
Study N Mean SD N Mean SD
Zini et al. 2020 97 154 402 118 129 538 &
Ramos-Pachon 2021 664 8.333 5.201 565 8 4.459 .
Lee et al. 2021 170 7.667 2.991 86 10.67 4.524

Ram Seo et al. 2022 234 7 1492 231 8.667 2.238

Padronietal. 2022 164 14.58 5796 57 15.67 5.324 —.——
<i

Overall

Heterogeneity: = 1.84, 1= 92.52%, Fi= 13.37
Test of 8= §: Q(4) = 52.51, p = 0.00
Testof6=0:z=-1.72, p=0.09

Appendix figure 3.10 (a) - Sensitivity analysis of response time interval by location of stroke diagnosis
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(b)

Appendix figure 3.10 (b) - Sensitivity analysis of response time interval by definition of call volume
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Pre - Covid
Study N Mean SD N

Ramos-Pachon 2021 664 8.333 5201 565

Kim et al. 2021 1,570 6 2968 1,441
Blek et al. 2022 9,378 11.67 5.931 9,544
Park et al. 2022 948 9.333 3.712 3,296

Padroni et al. 2022 164 14.58 5.796 57
Ram Seo etal. 2022 234 7 1492 231

Overall

Heterogeneity: 7= 1.12, T = 97.75%, A= 44.46
Test of 6= 6: Q(5) = 246.21, p = 0.00

Testof 6=0:z=-2.39, p=0.02

Covid
Mean SD

8 4.459
7 2968
14.33 8.156
9.667 4.45
15.67 5.324
8.667 2.238

B
. B
L
-
e e




(c)

Pre - Covid Covid

Study N Mean SD N Mean SD
Zini et al. 2020 97 154 40.2 118 129 538 &
Ramos-Pachon 20884 8.3335.201565 8 4.459 .

Leeetal. 2021 170 7.6672.991 86 10.674.524 ‘.‘
Padroni et al. 202264 14.585.796 57 15.67 5.324 —.‘—
Ram Seo etal. 20224 7 1.492231 8.667 2.238 .

Overall ‘

Heterogeneity: 1.84,% 92.52%,413.37
Test of 9 Q(4) = 52.51, p = 0.00
Testof8=0:z=-1.72, p =0.09

Appendix figure 3.10 (c) - Sensitivity analysis of response time interval by the number of weeks since the WHO declared COVID-
19 a pandemic on 11" March 2020
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(d) ) .
Pre - Covid Covid

Study N Mean SD N Mean SD
Ramos-Pachon 202664 8.333 5.201 565 8 4.459 -.—
Kim et al. 2021 1,570 6 2.968 1,441 7 2.968 .

Leeetal. 2021 170 7.667 2.991 86 10.67 4.524——
Blek etal. 2022 9,378 11.675.931 9,544 14.338.156 |}
Ram Seo etal. 2022234 7 1.492 231 8.667 2.238 B

Overall Eoaie=—

Heterogeneify=1 .67 £ 98.45%. £ 64.62
Testof ® @ Q(4) = 188.87, p = 0.00

Testof 6=0:z2=-2.69, p=0.01

Appendix figure 3.10 (d) - Sensitivity analysis of response time interval by its definition
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Appendix 3.11 - Forest plots of subgroup analyses for patient care time interval

(a) Pre - Covid Covid
Study N Mean SD N Mean SD
Asia
Teo et al. 2020 89 2467 15.07 73 26 12.1 —i—
Lee et al. 2021 251 25 2535 106 3067 27.06 ——
Heterogeneity: 1 “=2.52,1 *=26.85%, H ~=1.37 -

Testof 8, =06;:Q(1)=1.37,p=0.24
Testof 8=0:z2=-1.43,p=0.15

Europe

Zini etal. 2020 97  583.2 38 118 44  26.6 L
Blek et al. 2022 9,378 39 3411 9,544 47 44.48 ]

Padroni et al. 2022 164 39.43 31.41 57 4043 33.46 L

Heterogeneity: 1~ =67.65,1 “=85.97%,H “=7.13 e e e
Testof © =8 Q(2) = 16.74, p = 0.00
Testof ©=0:z=-0.12, p=0.90

Overall e
Heterogeneity: 1~ =29.47,1 “=84.85%,H ~=6.60
Testof 6 =8, Q(4) = 24.78, p = 0.00

Testof 8=0:z=-0.80,p=0.42

Test of group differences: Q (1) =0.18, p = 0.67

Appendix figure 3.11 (a) - Subgroup analyses of patient care time interval by location
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(b)

Pre - Covid Covid
Study N Mean SD N Mean SD
CA - No to more than one question
Teo et al. 2020 89 2467 1507 73 26 121
Heterogeneity: 1 %= 0.00, | = %, H ’= 4
Testof@ =06 ;:Q(0)=0.00,p=.
Testof8=0:z=-0.61,p =054
CA - No to one question
Zini et al. 2020 97 53.2 38 118 44 266 ——
Lee etal. 2021 251 25 2535 106 3067 2706 ——
Blek et al. 2022 9,378 39 3411 9544 47 4448 [ |
Heterogeneity: 1 °=69.00,1 “=91.50% H ~=11.77 —_—
Testof® =8 ;:Q(2)=15.35p=0.00
Testof8=0:z=-0.43, p=0.67
CA - Yes or N/A to all questons
Padroni et al. 2022 164 3943 3141 57 4043 3346 L
Heterogeneity: 1 °=0.00,1 “=%H °=. —_—
Testof8 =06 ;:Q(0)=0.00,p=.
Testof6=0:z=-0.20,p =0.84
Overall T
Heterogeneity: T~ =29.47,1 =84.85% H =660
Testof8 =6 ;:Q(4)=24.78,p=0.00
Testof6=0:z=-0.80, p =0.42
Test of group differences: Q b(2)=10.03, p=0.98

Appendix figure 3.11 (b) - Subgroup analysis of patient care time interval by study quality
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(c)

Pre - Covid Covid
Study N Mean SD N Mean SD

0 - 3000 Covid - 19 cases per million

Padroni et al. 2022 164 3943 31.41 57 4043 33.46 :
Heterogeneity: 1 2= 0.00, 2= %, H 2=

Testof 8 i =0, Q(0)=0.00,p=.
Testof 8=0:z=-0.20,p=0.84

> 3000 Covid - 19 cases per million

Zini et al. 2020 97 532 38 118 44  26.6 ——
Lee et al. 2021 251 25 2535 106 3067 27.06 L
Blek et al. 2022 9,378 39 3411 9544 a7 4448 W

Heterogeneity: 1 - =69.00,1 “=9150% H ~=1177 o -V s
Testof 6 =6 Q(2) = 15.35, p = 0.00
Testof 6=0:z=-043, p=0.67

Overall ——— [
Heterogeneity: 1~ =44.61,1 “=85.29%, H ’=6.80
Testof 8 , =86 Q(3)=17.15, p = 0.00

Testof 6=0:z=-0.58, p=0.56

Test of group differences: Q (1) =0.03, p=0.87

Appendix figure 3.11 (c) - Subgroup analysis of patient care time interval by COVID-19 cases per million
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(d)
Pre - Covid Covid
Study N Mean SD N Mean SD

0 - 1000 Covid - 19 deaths per million

Padroni et al. 2022 164 39.4331.41 57 40.4333.46i
Heterogeneify; f).OOz, f %, H

Testof 89 Q(0)=0.00,p =.
Testof 6=0:2=-0.20, p=0.84

> 1000 Covid - 19 deaths per million

Zini et al. 2020 97 532 38 118 44 26.6 —a—
Lee et al. 2021 251 25 25.35 106 30.6727.06——

Blek et al. 2022 9,378 39 34.119,544 47 4448 H

Heterogeneify= £9.00,3 91.50%. #111.77 e e

Test of € § Q(2) = 15.35, p = 0.00
Testof 8=0:z2=-0.43, p=0.67

Overall —— T=
Heterogeneify= #4.6 T, % 85.29%. +16.80
Test of 88 Q(3) = 17.15, p = 0.00
Testof 8=0:z=-0.58, p = 0.56

Test of group differengés=@.03, p = 0.87

Appendix figure 3.11 (d) - Subgroup analysis of patient care time interval by COVID-19 deaths per
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(e)

Pre - Covid Covid
Study N Mean SD N Mean SD
0 - 300 Covid - 19 hospitalisations per million
Blek et al. 2022 9378 39 34119544 47 44.48 M
Heterogeneitf:q0.00fI: %, = . ¢
Test of& @ Q(0)=0.00,p =.
Testof 6=0:z=-13.87, p=0.00
> 300 Covid - 19 hospitalisations per million
Zini et al. 2020 97 532 38 118 44 266 ——
Padroni et al. 2022 164 39.4331.41 57 404333.46——
Heterogeneity=r30.19” k 58.04% 4 2.38 s T
Test ofi& @ Q(1)=2.38, p=0.12
Testof 6 =0:z=0.85,p=0.40
Overall =

Heterogeneity=67.65. £ 85.97% 1 7.13
Test of & @ Q(2) = 16.74, p = 0.00
Testof 06=0:z=-0.12, p=0.90

Test of group differencgd:)@ 5.78, p = 0.02

Appendix figure 3.11 (e) - Subgroup analysis of patient care time interval by COVID-19 hospitalisations per

million
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Pre - Covid Covid

Study N Mean SD N Mean SD

0 - 25 Covid - 19 ICU admissions per million

Lee et al. 2021 251 25 2535 106 30.67 27.06 ——]
Heterogeneity: 17=0.00,1°= %, H = ~ea—

Test of 6 = 6;: Q(0) =-0.00, p =.
Testof 6=0:z=-1.89, p=0.06

> 25 Covid - 19 ICU admissions per million

Zini et al. 2020 97 532 38 118 4 266 —u—
Padroni et al. 2022 164 3943 3141 57 4043 3346 ————
Heterogeneity: 1° = 30.19, I* = 58.04%, H” = 2.38 mEl e

Test of 6 =6 Q(1)=238,p=0.12
Testof 8=0:2z=10.85, p=0.40

Overall —_
Heterogeneity: 1° = 44.17,1° = 72.93%, H = 3.69
Test of 6 = 6 Q(2) = 7.75, p = 0.02

Testof 8=0:2=0.10, p=0.92

Test of group differences: Qu(1) = 2.86, p=0.09

Appendix figure 3.11 (f) - Subgroup analysis of patient care time interval by COVID-19 intensive care unit admissions per million
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Appendix 3.12 - Forest plots of sensitivity analyses for patient care time interval
(a)

Pre - Covid Covid
Study N Mean SD N Mean SD

Lee etal. 2021 251 25 25.35106 30.67 27.06

Teoetal. 2020 89 24.6715.07 73 26 12.1 ——
|
3

Padroni et al. 202@4 39.4331.41 57 40.4333.46

Overall "‘

Heterogeneity 6.00.% 0.00%; #11.00
Test of 88 Q(2) = 1.49, p = 0.47

Testof 6=0:z=-1.58, p =0.11

Appendix figure 3.12 (a) - Sensitivity analysis of patient care time interval by definition of call volume
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(b)

Pre - Covid Covid
Study N Mean SD N Mean SD

Zinietal. 2020 97 53.2 38 118 44 26.6 =
Teo etal. 2020 89 24.671507 73 26 121  ——
Lee etal. 2021 251 25 25.35106 30.67 27.06——
Padroni et al. 20284 39.4331.41 57 40.4333.46 B

Overall ’

Heterogeneity: 21.49 4 65.68%. +12.91
Testof 8@ Q(3) = 7.77, p = 0.05
Testof 6=0:z2=-0.10, p =0.92

Appendix figure 3.12 (b) - Sensitivity analyses of patient care time interval by location of stroke diagnosis
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Pre - Covid Covid
Study N Mean SD N Mean SD

Zini et al. 2020 97 532 38 118 44 266 .
Teo et al. 2020 89 2467 15.07 73 26 121
Lee et al. 2021 251 25 2535 106 30.67 27.06

Padroni etal. 2022 164 3943 3141 57 40.43 33.46

Overall

Heterogeneity: 7= 21.49, f = 65.68%, H= 2.91
Testof = 6: Q(3) = 7.77, p = 0.05

Testof 6=0:z=-0.10, p =0.92

Appendix figure 3.12 (c) - Sensitivity analyses of patient care time interval by the number of weeks since WHO declared a
pandemic on 11t March 2020

468



Appendix 3.13 - Forest plots of subgroup analyses for total prehospital time interval

re - Covi OVI

() Pre - Covid Covid
otudy N Mean SD N Mean SD
Asia
Kim et al. 2021 1,570 2967 10.39 1,441 33 1187 L 3
Park et al. 2022 948 3167 1336 3,296 3467 13.35 E &
Heterogeneity: T~ =0.00,1 > =000%,H ~=1.00 2

Testof® =86 Q(1)=0.27,p=0.60
Testof 86 =0:z2=-10.22, p=0.00

Europe

Blek et al. 2022 9,378 52 2002 9544 6333 2743 B

Heterogeneity: 1 = 0.00, 1 = %, H 2= <

Testof8 i=0,;:Q(0)=0.00,p=.

Testof 6 =0:z=-32.42, p=0.00

North America

Velasco et al. 2021 57 425 1141 51 51 1297 L
Heterogeneity: T - =0.00,1 "= %, H “=. e
Testof8 i=0;:Q(0)=0.00,p=.

Testof8=0:z=-3.62,p =0.00

Overall —_—  —

2

Heterogeneity: T~ =16.89,1 ~=98.55%, H ~ =68.85
Testof8 =8 Q(3)=301.24, p = 0.00
Testof6=0:2=-3.02,p=0.00

Test of group differences: Q »b(2) = 300.97, p = 0.00

Appendix figure 3.13 (a) - Subgroup analysis of total prehospital time interval by location
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(b) Pre - Covid Covid
——, N Mean SD N Mean SD

CA - No to one question

Blek et al. 2022 9,378 52 20.02 9,544 63.33 2743
Kim et al. 2021 1,570 29.67 10.39 1,441 33 11.87
Park et al. 2022 948 31.67 13.36 3,296 34.67 13.35
Heterogeneity: T = 22.13, f = 99.24%, H = 131.69

Test of 8= 6: Q(2) = 300.74, p = 0.00

Testof 6=0:z=-2.16, p=0.03

O
B
L 3
— T
CA - Yes or N/A to all questions
Velasco et al. 2021 57 425 11.41 5 51 1297 =
<::>
o i

Heterogeneity: = 0.00, f= %, H=.
Testof 6= 6. Q(0) =0.00,p =.
Testof ©=0:z=-3.62, p=0.00

Overall

Heterogeneity: T = 16.89, f = 98.55%, H = 68.85
Test of = 8: Q(3) = 301.24, p = 0.00

Testof 6=0:z=-3.02, p=0.00

Test of group differences: 1) = 0.52, p = 0.47

Appendix figure 3.13 (b) - Subgroup analysis of total prehospital time interval by study quality
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(c)

Pre - Covid Covid

Study N Mean SD N Mean SD

0 - 3000 Covid - 19 cases per million

Kim et al. 2021 1,570 2967 1039 1,441 33 1187 n
Park et al. 2022 948 3167 1336 3,296 3467 13.35 . 3
Heterogeneity: T ~ = 0.00, 1° = 0.00%, H * = 1.00 &
Testof i =8 Q(1)=0.27, p=0.60

Testof 8=0:z=-10.22, p =0.00

3000 - 6000 Covid - 19 cases per million

Velasco et al. 2021 57 425 1141 51 51 12.97 ——
Heterogeneity: T~ =0.00,1° = %, H’ = . —_—
Testof 8i=6;: Q(0)=0.00,p=.

Testof06=0:z=-3.62,p=0.00

> 6000 Covid - 19 cases per million

Blek et al. 2022 9,378 52 20.02 9,544 63.33 27.43 |

Heterogeneity: T ©=0.00, 1°= %, H® = . <

Testof 8i=6;: Q(0)=0.00,p =.

Testof 6=0:z=-32.42,p=0.00

Overall E————
Heterogeneity: 1 * = 16.89, | * = 98.55%, H * = 68.85

Testof 6 =8;: Q(3) = 301.24, p = 0.00

Testof6=0:z=-3.02,p=0.00

Test of group differences: Q 1(2) = 300.97, p=0.00

Appendix figure 3.13 (c) - Subgroup analysis of total prehospital time interval by COVID-19 cases per
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(d)

Pre - Covid Covid

Study N Mean SD N Mean SD

0 - 1000 Covid - 19 deaths per million

Kim et al. 2021 1,57029.67 10.39 1,441 33 11.87 B
Park et al. 2022 948 31.67 13.36 3,296 34.67 13.35 L
Heterogeneity: 0.00 1= 0.00%, H 1.00 &
Test ofi& @ Q(1) =0.27, p=0.60

Testof 6=0:z=-10.22, p=0.00

> 1000 Covid - 19 deaths per million

Blek et al. 2022 9,378 52 20.02 9,544 63.33 27.43 |
Heterogeneitf::r 0.00,2I= %, A= O

Test ofi& & Q(0) =0.00, p =.

Testof 06=0:.2z=-32.42, p=0.00

Overall R
Heterogeneity: 22.13 E 99.24% 1+ 131.69

Test ofi& § Q(2) = 300.74, p = 0.00

Testof6=0.z=-2.16,p=0.03

Test of group differenceét &¢ 300.46, p = 0.00

Appendix figure 3.13 (d) - Subgroup analysis of total prehospital time interval by COVID-19 deaths per million
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Pre - Covid Covid
Study N Mean SD N Mean SD

0 - 5 Covid -19 ICU admission per million

Kim et al. 2021 1,570 2967 1039 1,441 33 11.87
Park et al. 2022 948 31.67 13.36 3,296 3467 13.35
Heterogeneity: T “=0.00, 1 “=0.00%, H “ = 1.00

Testof 8,=0;: Q(1)=0.27, p=0.60

Testof6=0:z=-10.22, p=0.00

emn

> 5 Covid - 19 ICU admission per million

Blek et al. 2022 9,378 52 20.02 9544 6333 2743
Heterogeneity: 1 2= 0.00, | 2= %, H 2=,

Testof8,=6;:Q(0)=0.00,p =.

Testof6=0:z=-3242, p=0.00

Ol

Overall —
Heterogeneity: 7 =22.13,1°=99.24%, H > =131.69

Testof 8, = 8;: Q(2) = 300.74, p = 0.00

Testof8=0:z2=-216,p =0.03

Test of group differences: Q (1) = 300.46, p = 0.00

Appendix figure 3.13 (e) - Subgroup analysis of prehospital time interval by intensive care unit COVID-19 admissions
per million
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Appendix 3.14 - Forest plots of sensitivity analysis for total prehospital time interval

Pre - Covid Covid
Study N Mean SD N Mean SD
Blek et al. 2022 9,378 52 20.02 9,544 63.33 27.43
Kim etal. 2021 1,570 29.67 10.39 1,441 33 11.87
Park etal. 2022 948 31.67 13.36 3,296 34.67 13.35

i
L
L 3
Overall ——e

Heterogeneity:- "= 22.13, 1= 99.24%, Fi= 131.69
Test of 8= §: Q(2) = 300.74, p = 0.00
Testof 6=0:z=-2.16, p=0.03

Appendix figure 3.14 (a) - Sensitivity analysis of total prehospital time by definition of call
volume
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Appendix 3.15 - Patient care time intervals figure pre-COVID-19 and during COVID-19 when definition

is divided into “scene time” and “transport time”

Pre-COVID-19

COVID-19

Study

| Median

[la  |uq

| Sample size

Study

Median

[1a[ua

| S