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Abstract (278 words)
Introduction: Carotid endarterectomy (CEA) is the accepted treatment for stroke prevention in patients with symptomatic 50-99% carotid artery stenosis. The European Society for Vascular Surgery guidelines recommend surgery be performed within 14 days of index symptoms to achieve maximum benefit, however achieving this target can be difficult. Late presentation and presentation to hospitals without onsite vascular capabilities are two recurring reasons for delayed CEA across the literature.
Methods: All symptomatic CEAs performed between January 2017–December 2019 were extracted from an electronic institutional database and analysed to determine the proportion of CEAs meeting benchmark targets and assess factors contributing to delays.  
 Results: 124 CEAs were performed for 62 strokes and 62 transient ischaemic attacks (TIA). 71.8% (n=89) were male, and median (range) age was 71.0 years (43-88). The median delay between initial symptom and CEA was 14 days (range 1-183). Sixty-six patients (55%) had surgery within 14 days of index symptom. Patients presenting with “FAST” symptoms were significantly more likely to undergo timely CEA, largely due to earlier presentation to hospital (p=0.021, OR 2.563 95% CI 1.143-5.747). Presentation directly to a tertiary vascular centre was significantly associated with CEA within 14 days, compared to referrals from external hospitals (p=0.002), with a median symptom-to-surgery interval of 12.0 vs 25.0 days (p=0.001), respectively. 
Conclusion: Our results are comparable to UK and Australian national audits, however a significant number of CEAs fell outside the 14-day target. Protected pathways between referring hospitals and vascular centres are needed to ensure all patients have equal access to urgent CEA. However, unless CEA within 14-days is designated as a KPI for stroke management, there will be little incentive for hospitals to expedite this high-risk cohort. 

Introduction

Carotid endarterectomy (CEA) for symptomatic 50-99% stenosis is most beneficial when performed within 14 days of the index event (1-3). However, meeting this target can prove difficult without dedicated resources(4, 5). Multiple studies show that later presentation to an acute hospital and increased numbers of medical practitioners involved in the patient journey cause delays between symptoms and surgery (6, 7). Conversely, units with streamlined referral pathways or transient ischaemic attack (TIA) clinics with protected access to diagnostic imaging and vascular surgeons consistently report shorter intervals from presentation to CEA (8-11). In countries utilising a centralised vascular registry, the overall percentage of individual patients and collective vascular units meeting this 14-day target can be regularly audited to improve service provision(12-14). 	Comment by Healy, Donagh: I don’t know if this sentence adds much. I would probably take it out.
Presently in Ireland, there are no national guidelines underpinning the timing of carotid endarterectomy for symptomatic stenosis; CEA within 14 days of an ischaemic event is not an audited key performance indicator (KPI) for stroke management and vascular surgery procedural data is not recorded in a centralised database. As such, the available data on how Irish patients with symptomatic carotid disease compare with international best practice is limited. Based on published figures from two other urban vascular units, we estimate 50-67% of Irish patients with symptomatic carotid disease undergo CEA within 14 days(15, 16). This is comparable 60% of cases meeting the target reported in the UK National Vascular Registry 2019 Annual Report(17). 
We report a three-year review of all symptomatic CEAs performed at a single urban university hospital with a large catchment area for tertiary vascular referrals. The aim was to determine how many patients met the benchmark 14-day target for CEA and to determine factors contributing to delays. 


Methods 

This was a single-centre retrospective case-series of consecutive patients undergoing carotid endarterectomy for symptomatic stenosis at a university-affiliated tertiary referral hospital between 1st January 2017 and 31st December 2019. During the study period, 192 CEAs were performed. All asymptomatic cases (n=66) and two symptomatic cases who were inpatients at the time of index event were excluded. In total, the study included 124 patients. 

Symptomatic carotid artery stenosis has previously been defined by the Society for Vascular Surgery’s reporting standards for carotid interventions (18). The degree of stenosis was determined using the North American Symptomatic Carotid Endarterectomy Trial (NASCET) duplex criteria, where 50-99% was considered significant (19). For this study, the index symptom was defined as the first neurological event, not the most recent event or the event that prompted the patient to seek medical attention. 

The Mater Misericordiae University Hospital has an immediate catchment area of approximately 185,000 urban adults. The vascular department is the dedicated referral centre for the three satellite hospitals within the hospital. Established referral pathways for CEA include in-house consultations from the stroke service, who operate a weekday rapid-access TIA clinic; direct referral from a consultant physician within the hospital group; and indirect referral to the vascular laboratory for carotid duplex ultrasound. Further referrals were also received from the ophthalmology service, general practitioners and consultant physicians outside the hospital group. All procedures were performed at the Mater Hospital under general anaesthetic by one of three consultant vascular surgeons. All patients were initially recovered in the High Dependency Unit, as per local protocol.

Data Collection and Patient Selection Criteria 
Creation of a local database for carotid endarterectomy was approved by the institution’s ethics committee. All patients who underwent CEA between January 2017 and December 2019 were identified from electronic theatre logs and retrospectively entered into the database. Demographic characteristics, comorbidities, smoking status and carotid imaging were documented. Defined timepoints along the patient journey from symptom onset to surgery were recorded, outlined in Figure 1. For patients referred from external hospitals, date of outpatient appointment and/or transfer to the Mater Hospital were also recorded. Medical records were examined for documented causes of surgical delays. 

Clinical Milestones between Symptom Onset and CEA

Figure 1. Graphical representation of the major clinical milestones along the patient journey from symptom onset to carotid surgery   
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Outcomes 
Outcomes were reported as per the standards published by the Society for Vascular Surgery(18). The primary outcome was the overall percentage of symptomatic CEAs performed within the recommended 14-day time-frame. Secondary outcomes included the median time from symptoms to surgery by referral site, and thirty-day mortality, stroke and morbidity rates.	Comment by Healy, Donagh: This is fine. But FYI I would usually have one primary outcome and call the rest secondary outcomes. 

Statistical Analysis 
All data was analysed using Statistical Package for the Social Sciences (SPSS) software Version 24.0 (IBM SPSS Inc., Armonk, NY, USA. IBM Corp). Normally distributed continuous data were expressed as mean ± standard deviation (SD), while median (range) was used to describe the abnormally distributed continuous data. Categorical variables were presented as count and percent. Time intervals were characterised using median (range) days. Chi-square tests and odds ratio were used to analyse categorical variables. The Mann Whitney U test and Kruskal-Wallis test were used to analyse non-parametric data. The level of statistical significance for null hypothesis testing was p<0.05.





Results
Demographic Characteristics & Presenting Symptoms 
Demographics, risk factors, imaging results and clinical symptoms are summarised in Table 1. Fifty percent (n=62) of the cohort had an acute infarct on neuroimaging. Seventy percent (n=88) had at least one presenting symptom described in the ‘Face Arm Speech Time’ (FAST) mnemonic. Twenty-eight patients (22.5%) presented with isolated ocular symptoms. 
	
	n
	%

	Median Age (years)
	71.0 (43 - 88)

	Male 
	89 
	71.8

	Hypertension
	93
	75

	Hyperlipidaemia
	65
	52.4

	Diabetes Mellitus 
	16
	12.9

	Previous TIA +/- CVA
	25
	20.2

	Peripheral Arterial Disease
	16
	12.9

	Smoking History (active +/- ex-smokers) 
	60 (+/- 24)
	69.8 (+/- 27.9)

	Neurological Event
Stroke
TIA
Amaurosis Fugax
	
	

	
	62 
	50

	
	34 
	27.4

	
	28 
	22.6

	Presenting Symptoms 
Any “FAST” symptom* 
-     Limb paraesthesia / weakness / paresis
-     Facial Asymmetry
-     Speech pathology 
Ocular symptoms 
Atypical
	
	

	
	88
	71.0

	· 
	72
	58.5

	· 
	23
	18.5

	· 
	33
	26.6

	· 
	42
	33.9

	· 
	4
	3.2

	CT Angiography Carotids 
	77
	62.1

	% Stenosis Symptomatic Side (Duplex)
90-99%
80-90%
70-80%
50-69%
	
	

	
	28
	22.8

	
	35
	28.5

	
	30
	24.4

	
	30
	24.4


Table 1. Tabulation of patient demographics, risk factors, presenting symptoms and preoperative imaging.


Referral Source to the Mater Misericordiae University Hospital
The route of referral to the Mater Hospital are tabulated in Table 2. Seventy-three patients (59%) presented directly to the Mater Hospital, while the remaining 51 patients (41%) initially presented to an external hospital. 
	Route to Referral to the Mater Hospital (n=124)
	

	
	n
	%

	Self-referral to Mater Emergency Department (ED)
	30
	24

	Referred by General Practitioner to Mater ED
	30
	24

	Referred by Mater Medical Outpatients
	13
	11

	Referred by External Hospital
	51
	41





Table 2. Tabulation of route of referral to the Mater Hospital, either to the Emergency Department or directly to the Stroke or Vascular Service by an external hospital


The source of vascular surgery referral are tabulated in Table 3. Of the 51 external referrals, 15 patients were transferred to Mater Hospital under the stroke service, who subsequently made an inhouse vascular referral. The remaining 36 external patients were referred directly to the vascular service by an outside hospital.
	Source of Referral to Vascular Service (n=124)

	
	n
	%

	Inhouse Consultation from Stroke Team
	89
	70

	External Hospital direct to Vascular
	22
	18

	Referral to Vascular Laboratory
	7
	5.5

	Referral from Mater Ophthalmology 
	6
	6.5




 
Table 3. Tabulation of routes of referral to Mater Hospital Vascular Surgery Service



Symptoms to CEA – Meeting the 14-Day Target
Time from index symptom to surgery was available for 123 patients. Fifty-four percent (n=66/124) of patients had their CEA within the 14-day target period. Seventy-eight percent (n=96/124) had surgery within 14 days of presentation to any hospital and 86% (n=103/124) within 14 days of review by a vascular surgeon. However, 27.6% (n=34/124) waited at least 28 days between index event and CEA. The median interval between symptom onset and CEA was 14 days (range 2-183).

Delays between Symptom Onset and Acute Hospital Presentation 
The median delay between symptom onset and hospital presentation was two days (range 0-180). Forty-six patients (37.4%) sought medical attention on the day of index symptom. Table 4 demonstrates how symptom type impacted pre-hospital delays. Patients with “FAST” symptoms were significantly more likely to present to an acute hospital in a timely fashion (p<0.001). There was no significant difference in time from symptoms to hospital presentation between internal and external referrals (p=0.165). 
	Interval between Symptoms Onset & Acute Hospital Presentation (n=123)

	
	n
	Median Days (Range)
	p

	Total
	123
	2    (0 - 180)
	

	Neurological Event
Stroke
TIA
        Amaurosis Fugax
	
62
34
27
	
0    (0 - 30)
3    (0 - 66)
21  (1 - 181)
	<0.001

	FAST Symptoms 
Yes
No
	
88
35
	
1    (0 - 66)
11  (0 - 180)
	<0.001

	Ocular Symptoms
Yes
No
	
41
82
	
13  (0 - 180) 
1    (0 - 38)
	<0.001








Table 4. Breakdown of time (median days) between onset of neurological event and presentation to an acute hospital by presenting symptoms and site of referral. A Kruskall-Wallis test was used to determine statistical significance between median delays for three non-parametric variables and Mann-Whitney U Tests were used to assess significance between two non-parametric variables 




Delays between Hospital Admission and Surgery 
The hospital to which patients initially presented significantly impacted timing of CEA. Almost two-thirds of patients (62.5%, n=55/88) who presented directly to the Mater Hospital underwent CEA within 14 days, compared to 31% of patients (n=11/35) referred from external hospitals (OR 3.63, 95% CI 1.58-8.37, p=0.002). The median symptoms-to-surgery interval was 12 days for Mater Hospital presentations, compared to 25 days for presentations to external hospitals (p=0.001). Figure 2 demonstrates how external referrals persistently encountered significantly longer delays at various discrete milestones along the journey from symptoms to surgery. 
Intervals (median days) between Clinical Milestones between Symptom Onset and CEA

Figure 2. Graphical representations of delays (median days) between discrete time periods along the patient journey from symptoms to CEA, broken down into internal (from within the Mater Hospital) and external (from external hospitals) referrals to the vascular service. 
* indicates statistical significance determined by Mann-Whitney U tests  
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The median wait between Mater Hospital admission to CEA was five days (range 0-19). The majority of CEAs were scheduled on an elective vascular list (n=115, 93.5%). There was a documented reason for delay to surgery for 24 patients (19.35%), outlined in Table 6. 
	Reason for Delay
	n

	Patient abroad at time of symptom onset
	2

	Patient attending stroke rehabilitation 
	5

	Patient DNA to clinic or initially declined surgery 
	4

	TIA not initially suspected
	3

	Initial imaging incongruous / suggestive of occlusion
	4

	Delay in referral to Vascular Surgery
	4

	HDU bed unavailable on day of surgery
	2






Table 6. Tabulation of documented reasons for delay to surgery   



Perioperative Complications and Mortality 
The 30-day stroke and mortality rates were 4.0% (n=5) and 1.6% (n=2), respectively. Both deaths were due to major perioperative strokes and occurred on the third post-operative day. Four patients (3.2%) had post-operative neck haematomas requiring re-exploration in theatre. Six patients (4.8%) had a transient nerve palsy post-operatively, including two recurrent laryngeal and four hypoglossal traction injuries.  


Discussion

Best practice guidelines clearly recommend that CEA for symptomatic carotid artery stenosis be performed within 14 days of the initial ischaemic event, when the risk of further cerebrovascular accident is highest (20). Over three years in our unit, only 54.5% (n=66/124) of symptomatic carotids met the 14-day target. While this study treads on well-travelled ground by investigating delays to CEA, the specific strengths and weakness of the Irish healthcare system in managing this high-risk patient cohort have not been fully explored or addressed. 	Comment by Healy, Donagh: I removed the bit about MUH being one of the countries busiest vascular centres cos it might offend surgeons elsewhere who think that they are the busiest	Comment by Healy, Donagh: I think that this would be better in the discussion section rather than introduction

Pre-Hospital Delays
Consistent with the existing literature, the two main factors contributing to delays identified in this paper were late presentation to hospital by patients and the protracted referral process between external hospitals and the vascular centre (13, 14). The speed of presentation was affected by symptom type. “FAST positive” patients had a significantly shorter interval between symptom onset and hospital presentation compared to patients with ocular symptoms (1 vs 12 days, p<0.001) (4, 5, 11, 21, 22). Similarly, the initial site of presentation was pivotal to achieving timely CEA. Direct presentation to a tertiary hospital with onsite diagnostic and surgical facilities – a “one-stop stroke shop” – was significantly associated with a shorter symptoms-to-CEA interval, compared to patients referred in from an outpatient setting or from satellite hospitals without a vascular capabilities (5, 7-9, 11, 12, 22-26). In our cohort, 62.5% (n=55/89) of patients who presented directly to the Mater Hospital underwent CEA with 14 days, compared to 31% (n=11/35) of patients who initially presented to an external hospital (p=0.002). 

External Referrals encountered significant Hospital-Dependent Delays 
The median delay from symptoms to CEA was nine days for direct presentations to the Mater Hospital, compared to 25 days for external referrals (p=0.001). There was no significant difference in pre-hospital delays between the two cohorts (p=0.165). However, the limited access to diagnostic imaging in external hospitals has the knock-on effect of delayed identification of suitable candidates for CEA thereby delaying vascular consultation. Patients subsequently deemed appropriate for surgical intervention had an additional wait for transfer to the vascular centre. Bed availability and local infection control policies often obstructed expeditated transfer between hospitals, reflected by a median delay of eight days (range 0-27)  between external hospital presentation and Mater Hospital admission. For Mater Hospital inpatients, surgical delays were minimal and only two cases were delayed due to theatre logistics. 

“Symptoms to CEA” as Key Performance Indicator for Stroke Management 
The sources of delay identified in our study are not unique to the Irish setting. To drive sustained improvement, accurate national data on the current state of service provision and active participation from all the relevant stakeholders is necessary. To achieve these goals, the 14-day target from symptoms to CEA should be formalised as a KPI for stroke management across all Irish hospitals and a national carotid registry should be established to facilitate regular audit of all participating vascular units. These steps are essential to creating streamlined referral pathways to adequately-resourced tertiary vascular units. Further lessons can be learnt from the management of hip fractures in Ireland, a comparable time-critical surgical pathology. Repair within 48 hours for all medically-fit patients is an evidence-based Health Service Executive-mandated KPI, and the Irish Hip Fracture Standards are audited annually in through the Irish Hip Fracture Database(27). To facilitate these meeting this target, a number of hospitals have created multi-disciplinary ‘hip fracture’ pathways with dedicated beds. A similar approach to symptomatic carotids is needed, with ring-fenced beds in receiving vascular centres and prioritised theatre access. 

Limitations
The main limitation of this study is its retrospective nature. In particular, we noticed that the occurrence of further neurological events while awaiting CEA was poorly documented and there may have been patients who were initially considered for CEA but because of a further event may have been turned down for surgery.	Comment by Healy, Donagh: I fluffed this point up a bit. Delete if you want.


Conclusions

Just over half the patients referred to our vascular unit with symptomatic carotid disease underwent surgery within the recommended 14-day timeframe. Delays in patient presentation and delays associated with inter-hospital referrals were the two most significant factors associated with missing this target. Specific pathways between satellite hospitals and vascular centres need to be developed to expediate the treatment of symptomatic carotids, and this should be formalised as a KPI for stroke management. Furthermore, the data collected by a national carotid register can empower vascular surgeons and stroke physicians to lobby for protected resources to manage this high-risk cohort in a timely fashion. 
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