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Abstract
Background In the setting of a national audit of acute stroke
services, we examined the delivery of thrombolytic therapy
for ischaemic stroke and whether current practice was achiev-
ing safe outcomes and consistent delivery for patients.
Method Data obtained from the recent national stroke audit was
compared against previous Irish audit, the most recent SSNAP
UK stroke audit and the Safe Implementation of Thrombolysis in
Stroke-Monitoring Study (SITS-MOST) study.
Results Thrombolysis was provided in 27 acute hospitals
throughout Ireland during the period assessed with 82% (22/
27) providing 24/7 access, the remaining sites using redirect
policies. Decision to thrombolyse was made by stroke trained

consultants in 63% (17/27) of units, with general physicians
and emergency medicine consultants covering the other units.
Thrombolysis rate for non-haemorrhagic stroke was 11%
(n = 80/742, CI 95% ±2.23) versus a 1% rate in the 2008 audit.
Sites receiving patients through a redirect policy had the
highest thrombolysis rate, an average of 24%. Nearly 30%
of cases were thrombolysed on the weekend. Eighty-three
percent of cases were managed in a stroke unit at some time
during admission versus 54% of the national total cases.
Thirty-seven percent of patients were ≥80 years old. The mor-
tality rate was 11.3% versus the national mortality rate for
non-thrombolysed ischaemic strokes of 10% (p > 0.5), and
this is comparable to the SITS-MOST 2007 study 3-month
mortality rate of 11.3% (p > 0.5).
Conclusion Stroke thrombolysis is being effectively and safe-
ly provided in acute stroke services in Ireland despite regular
involvement of non-specialist staff. There is still potential to
improve thrombolysis rate.
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Introduction

The evidence for thrombolysis of acute ischaemic stroke was
established by the NINDS trial in 1995 [1], and a conditional
licence for the therapy was granted by the European Union
(EU) in 2001. The licence was made permanent following the
publication of the Safe Implementation of Thrombolysis in
Stroke-Monitoring Study (SITS-MOST) and extended to
4.5 h following the publication of the European Cooperative
Acute Stroke Study (ECASS) III [2, 3].

Ireland lagged behind other countries in the development of
organised stroke services. In 2008, the first Irish National Audit
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of Stroke Care (INASC 2008) was published [4]. A review of
2173 cases revealed that only 1% of patients received thrombo-
lytic therapy, compounded by the fact that there was only one
stroke unit in existence in the whole country.

In response in 2010, the Irish health service implemented
the national stroke programme with the stated aim of devel-
oping rapid access to best-quality stroke services and reducing
death and disability due to stroke [5]. These aims were
targeted through a number of measures including infrastruc-
tural change, limited specialist recruitment, and guideline de-
velopment, which facilitated a national programme for throm-
bolysis therapy. Unfortunately, this coincided with a financial
collapse and severe economic recession in the country, which
severely limited the extent of new resource, which could be
allocated to develop services. A further challenge was in the
distribution of population and acute hospitals across Ireland.
Outside the largest cities of Dublin, Cork, Galway, and
Limerick, populations are quite dispersed. For example, pop-
ulation density in County Dublin is 1459/km2 compared with
a population density of <50/km2 in 16 of the remaining 25
counties in the Republic of Ireland [6]. These areas are sup-
ported by a large number of smaller hospitals who are typical-
ly unable to provide 24-h cover by specialist stroke services.
This means that conventional means of delivering thrombol-
ysis by stroke specialists is often impossible.

A combination of strategies, under the guidance of the
National Clinical Programme for Stroke, was employed to
deliver thrombolysis therapy to the entire country including
developing a training programme for general physicians to
identify and thrombolyse potentially eligible patients, applica-
tion of a redirect policy in certain areas to allow ambulance
paramedics to divert suitable patients to hospitals providing
thrombolysis, and introduction of a limited stroke telemedi-
cine service in other areas. In 2015, we repeated a national
study to determine the effectiveness of these interventions on
thrombolysis practice and safety in Ireland [7].

Methods

The Irish audit of acute hospital services (NSA 2015) had two
components, an audit of the organisational aspects of stroke
care in acute hospitals and a clinical audit of stroke care in-
volving the review of clinical case notes for a selected national
sample of patients with stroke, with audit protocol approved
by a national stroke audit steering group. The data were ob-
tained by the use of validated surveys adapted from the
INASC 2008-validated proforma, which, in turn, was based
on the Royal College of Physicians London (RCPUK)
National Sentinel Stroke Audit 2004 Organisational Audit
proforma and National Sentinel Stroke Audit 2006 Clinical
Audit proforma. Modifications and additional questions were
added to allow comparison of results with those from the

larger UK SSNAP database and with European Stroke
Organisation Guidelines. A copy of the audit proforma is in-
cluded in the supplementary appendix.

The clinical outcomes of patients were studied during the
specified 6-month period (1 January 2014–31 March 2014
and 1 July 2014–30 September 2014) with a primary diagno-
sis of stroke (ICD code, I61, I63, I64). Subjects with classifi-
cation I60 (subarachnoid haemorrhage) were not studied as
these patients are predominantly redirected to neurosurgery
centres in Ireland under defined protocol.

The data was compared with the findings of the previous
Irish audit (INASC 2008), the Sentinel Stroke National Audit
Programme (SSNAP) UK acute organisational audit 2014,
and the SITS-MOST including data specifically related to
the UK [2, 4, 8], Ireland not having participated to any large
extent in SITS-MOST.

Results

Organisation of service

Twenty-seven hospitals were identified as managing acute stroke
patients in Irish hospitals in 2015, a reduction from the 37 sites
identified in the 2008 audit (Fisher’s exact test, p = 0.001).
Twenty-six (97%) of the sites had 24/7 coverage for thromboly-
sis either through on-site access or through an emergency service
redirect policy. Twenty-four-hour emergency non-contrast CT
imaging was available in all sites. Eighty-five percent of sites
had access to a senior stroke trained specialist, increased from
32% in the previous audit (Table 1). The decision to thrombolyse
was taken by a specialist (predominantly geriatricians) in 17
(63%) sites, general physicians in eight (30%) sites, and emer-
gency department consultants in two (7%) sites. Thrombolysis
was delivered in the emergency department in 22 (82%) sites, in
a high dependency bed (e.g. ICU/CCU) in four (15%) sites, and
in a stroke unit in one site.

Access to specific components of hyperacute care is still lower
than the UK (Table 2). Stroke units were in 78% (21/27) of sites
versus 99% (165/167) in the SSNAP UK (p < 0.1). Specialists
were available in 83% (23/27) versus 99% (181/183) of sites in
the UK (p < 0.001). When assessed against the European Stroke
Organisation Guidelines for key features for primary stroke cen-
tres providing hyperacute care, 22% (6/27) of sites meet recom-
mended requirements (Table 3).

Clinical outcomes

Of the total audit sample of 874 cases from 2014, 80 patients
received thrombolysis, which represents a thrombolysis rate for
non-haemorrhagic stroke of 11% (n = 80/742, confidence inter-
val 95% ±2) versus a 1% rate in the 2008 audit. The highest
thrombolysis rates were achieved in sites, which received
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patients via a redirect policy, with an average rate of 24% (37/
154). Higher rates were also observed in centres with a stroke
specialist versus general physicians (excluding redirect sites),
10.5 versus 5%, respectively (p < 0.1). The median age was 73
(range 36–93), and 36% of patients were ≥80 years old, with
84% (67/80) described as independent pre-stroke and 6% living
in residential care pre-admission. These were similar to the non-
thrombolysed ischaemic stroke patients (Table 4).

Following on from treatment with thrombolysis, 83%
(66/80) of cases were managed in a stroke unit at some
time during admission versus 51% (406/793) of the re-
maining national total cases (p < 0.001). Half of
thrombolysed patients (40/874, 4.6% of total cases) are
initially managed in high dependency beds (ICU/HDU),
compared with less than 2% of all stroke patients being
initially managed in a high dependency bed in the UK
(p < 0.001).

The mortality rate for thrombolysed strokes to discharge
was 11.3% (CI ±6.9) versus the national mortality rate for
non-thrombolysed ischaemic strokes of 10% (CI ±2.3) (chi-
square test, p > 0.5). Similar numbers of patients were
discharged to residential care, 7.5%of thrombolysed cases ver-
sus 7.1% of non-thrombolysed cases (chi-square test, p > 0.5).

Of the 645 non-thrombolysed ischaemic strokes, 32%
(207/645) had a precise time of onset. Almost two thirds
(63%, 131/207) of this group presented within 3.5 h and the
majority (71%) by ambulance. Of those with a precise time of
onset, presenting within 3.5 h, 45% (59/131) had a normal CT
scan (Fig. 1). However, median time to scan from hospital
presentation for the non-thrombolysed ischaemic patients
was 172 min (IQ 87–875 min). With regard to a 24/7 service,

28.8% of patients were thrombolysed during the weekend as
compared with 18.4% in the UK SITS-MOST patients
(p < 0.05). Just under a quarter (24%) of the thrombolysed
patients presented in out of periods in hours (8 pm–8 am),
compared with 78% (503/645) of the non-thrombolysed
strokes presented to ED during normal working hours (8
am–8 pm).

When compared with the SITS-MOST, the thrombolysed
patients in the Irish audit were older, with a median age of 71
(36–93) versus 68 (59–75), and were less independent at base-
line, 85 versus 93% (p < 0.01). Although formal NIHSS data
on arrival were not available in the Irish audit, estimates of
severity were drawn from presenting symptoms and may sug-
gest a trend of lower rates of thrombolysis in milder strokes
when compared with the SITS-MOST (Table 5).

These results are also in the context of improved stroke ser-
vices in key areas for all patients presenting with stroke symp-
toms, with 99% (862/874) of all patients undergoing neuroimag-
ing compared with 93% (2028/2173) in 2008 and 70% (610/
874) of all patients being scanned within 24 h compared with
40% (867/2173) in 2008 (p < 0.001). Similarly, access to spe-
cialist care improved with 61% of patients under the care of a
stroke specialist during their hospital admission compared to
38% in 2008 (p < 0.001).

Discussion

In a relatively short space of time, Ireland has greatly in-
creased patients’ access to thrombolysis therapy, with a ten-
fold increase in thrombolysis rate from 1 to 11%. This is

Table 2 Comparison between
organisation of stroke services
between Ireland and UK

NSA 2015, % (n) UK SSNAP 2014, % (n) Chi-square test,
p value

Local ambulance arrangements 100 (27/27) 99 (165/167) >0.5

CT scanning access 24/7 100 (27/27) 99 (165/167) >0.5

24/7 on-site thrombolysis 82 (22/27) 83 (139/167) >0.5

24/7 thrombolysis cover with a
redirect policy

97 (26/27) 91 (152/167) >0.5

Stroke unit available 78 (21/27) 99 (165/167) <0.1

Access to stroke specialist 85 (23/27) 99 (181/183) <0.001

Table 1 Comparison of
organisation of stroke services
between Irish audits, 2008 and
2015

NSA 2015, % (n) INASC 2008, % (n)

Local ambulance arrangements 100 (27/27) 3 (1/37)

CT scanning access 24/7 100 (27/27) 84 (31/37)

24/7 on-site thrombolysis 82 (22/27) 3 (1/37)

24/7 thrombolysis cover with a redirect policy 97 (26/27) 3 (1/37)

Stroke unit available 78 (21/27) 3 (1/37)

Access to stroke specialist 85 (23/27) 32 (12/37)
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comparable to other European health services such as the
Netherlands, who observed an increase in thrombolysis rate
from 6.4 to 14.6% between 2005 and 2012 [9] .
Notwithstanding the low baseline, which service providers
were comparing against, the estimated national thrombolysis
rate of 11%, which was primarily achieved through the
reorganisation of services, is now on a par with most devel-
oped stroke services internationally [10]. The outcome for
these patients should also be viewed through the evidence that
more severe strokes tend to present faster and, as such, have a
better chance of being thrombolysed. When viewing specific
sites’ thrombolysis rates, it is clear that redirect policies will

show improved levels of thrombolysis delivery, given the fil-
tering of appropriate cases to that site. It has also been ob-
served that higher rates are shown in redirection services be-
cause of a failure to include all strokes in the denominator
including the non-redirected patients [11]. The improved rate
in our review was offset nationally by the inclusion of all sites
in the national figure.

Adopting a policy of expanding the training and responsi-
bility of thrombolysis delivery to general physicians and emer-
gency specialists was a key in achieving this improvement. It
appears that this service is being provided in a safe manner
within internationally accepted guidelines. However, there is
still more to be achieved, noting the numbers of patients pre-
senting with ischaemic stroke within the time window and not
receiving the treatment. This raises the question that potential
cases are being missed. This may be reflected in the fact that
lesser experienced physicians may be slow to thrombolysed
milder strokes, as well as inefficiencies in the chain of care
such as delays in neuroimaging. Coupling the lower rates of
milder strokes receiving thrombolysis and, albeit in a small
sample size, the higher dependency of the Irish group versus
the SITS group, the observed lack of effect of thrombolysis on
dependency may be reflective of a service in evolution [12].

There are also concerns that thrombolysis services provid-
ed by general physicians may thrombolyse higher rates of
inappropriate patients, and the data available is unable to
quantify this at present in Ireland as it is available in the UK
for example. Being cognisant of the low sample size, there is a
reassuringly comparable mortality rate for thrombolysed
cases, coupled with the observation that general physicians
are less likely to deviate from guidelines than their more ex-
perienced stroke physician colleagues.

There is also evidence that due to limited capabilities of the
stroke units within the service, and perhaps compounded by
less experienced doctors overcompensating, a high volume of

Table 3 Features of primary stroke centres available in Ireland as per
the ESO guidelines

European Stroke Organisation (ESO) primary
stroke centres’ key recommendations

Number of sites,
n = 27 (%) (%)

Availability of 24-h CT scanning 27 (100)
Established stroke treatment guidelines and

operational procedures, including intravenous
rtPA protocols 24/7

22 (100)

Close cooperation of neurologists, internists, and
rehabilitation experts

18 (67)

Specially trained nursing personnel 23 (85)
Early multidisciplinary stroke unit rehabilitation

including speech therapy, occupational
therapy, and physical therapy

21 (78)

Neurosonological investigations within 24 h
(extracranial Doppler sonography)

17 (63)

Transthoracic echocardiography (TTE)a 13 (48)
Laboratory examinations (including coagulation

parameters)
27 (100)

Monitoring of blood pressure, ECG, oxygen
saturation, blood glucose, and body
temperature

21 (78)

Automated ECG monitoring at bedside 12 (44)
All above features 6 (22)

a TTE access taken as urgent (within 24 h)

Table 4 Comparison of baseline
demographics and outcomes for
thrombolysed ischaemic strokes
and non-thrombolysed ischaemic
strokes

Thrombolysed
(n = 80)

Ischaemic, not
thrombolysed (n = 645)

Chi-square test,
p value

Age (years) 71.2 (73) 73.8 (76)

Gender ratio 1:0.91 1:0.68 <0.3

Known independent preadmission, % (n) 84 (67/80) 80 (517/645) >0.5

Average LOS days (median) 25.6 (14) 20.7 (10)

Morality, % (n) 11.3 (9/80) 10 (64/645) >0.5

Died in the first week, % (n) 4% (3/80) 2.3 (15/645) >0.5

Accessed SU care during admission, % (n) 83 (66/80) 52 (337/645) <0.001

New nursing home resident, % (n) 7.5 (6/80) 7.1 (46/645) >0.5

Independent on discharge, % (n) 42 (30/71) 53 (341/645) <0.2

Anticoagulant or antiplatelet use
pre-stroke, % (n)

54 (43/80) 57 (370/645) >0.5

AF as potential aetiology, % (n) 38 (30/80) 35 (227/645) >0.5
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patients utilise high dependency beds. With the new evidence
supporting endovascular intervention, the fact that both treat-
ments are directly linked, the emphasis on providing an effi-
cient thrombolysis service is even more apparent [13]. The
potential inequity of access is likely to be more evident for
endovascular treatment, given the challenges highlighted with
regard to population dispersal in Ireland.

Using the SITS-MOST data, which only included cases
treated within 3 h of onset and did not include patients over
75 years of age, the inpatient mortality rate of 11.3% was
comparable to the SITS-MOST study 3-month mortality rate
of 11.3%. The sample size is clearly small in comparison to

both the UK and SITS-MOST data. However, the trend ap-
pears reassuring and, for outcome measures such as mortality,
the NSA 2015 results are comparable to the national Hospital
Inpatient Enquiry (HIPE) register of all stroke admissions.
The absence of door-to-needle times; rates of symptomatic
intracerebral haemorrhage, which are key measures of quality
of care; and inconsistent use of assessment tools, such as the
NIHSS and the mRS, restrict the interpretation of results
against international evidence. The monitoring of door-to-
imaging and door-to-needle times was identified as a mini-
mum requirement by the ESO in managing an acute stroke
service [14]. These limitations could be offset by better use of
the national stroke register, which has been under resourced to
date.

Conclusion

This review further strengthens the benefits of audit of stroke
services [15]. A continued review of thrombolytics in a stroke
service is essential, and recording of quality of care metrics in
order to facilitate comparison with other jurisdictions is vital.
Thrombolysis of ischaemic stroke is still evolving and being
refined whether through the time limit it can be safely given,
the age profile of patients who receive it, or most recently, the

Table 5 Comparison of baseline
demographics and aetiology
between NSA 2015 and SITS-
MOST

National Stroke Audit 2015,
n = 80 (%)

SITS-MOST,
n = 6483

Chi-square test, p
value

Age (years) 71 (36–93) 68 (59–75)

Sex (female) 38 (47.5%) 2581 (39.8%) <0.2

Independencea 67/79 (84.8) 5899/6337 (93.1) <0.01

Hypertension 44/80 (55) 3710/6318 (58.7) >0.5

Previous stroke 19/80 (23.8) 643/6395 (10.1) <0.001

Atrial fibrillation 15/80 (18.8) 1507/6306 (23.9) <0.5

Current smokers 19/80 (23.8) 1474/6114 (24.1) >0.5

Aspirin at stroke onset 36/80 (45) 1918/6441 (29.8) <0.01

Neurological severity

Mild 9/78 (11.5) 1494 (23) <0.02

Moderate 37/78 (47.4) 2409 (37) <0.1

Severe 32/78 (41) 2571 (40) >0.5

Cause identifiedb

Large vessel (carotid
stenosis)

12 (15) 844 (13) >0.5

Large vessel (other) 16 (20) 1435 (22.1) >0.5

Cardiac origin 31 (38.8) 2270 (35) >0.5

Lacunar 1 (1.3) 535 (8.3) <0.05

Other 5 (6.3) 1171 (18.1) <0.01

Unknown 15 (18.8) 228 (3.5) <0.001

aNSA 2015-calculated Barthel Index versus SITS-modified Rankin Score
bUnknown in NSA 2015 which includes possible cardioembolic without confirmed AF and likely cryptogenic
stroke
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Fig. 1 Non-thrombolysed ischaemic stroke presentation overview
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dose that may be effective in certain patient groups [3, 16, 17].
This review highlights that an effective national thrombolysis
service is possible with limited investment and appropriate
reorganisation and may serve as a template to other jurisdic-
tions with similar challenges.
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