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10

Chapter I

GENERAL INTRODUCTION

Stroke
Stroke is one of the leading causes of disability and mortality in the world.1 Stroke can 
be divided into two subtypes: hemorrhagic stroke and ischemic stroke. Hemorrhagic 
stroke occurs when an artery in the brain either leaks or ruptures. Common causes are 
uncontrolled hypertension and ruptured aneurysms. Ischemic stroke (IS) accounts for 
85% of all strokes. In IS, the blood supply to the brain is reduced or blocked, depriving 
the brain tissue of oxygen and nutrients which leads to cell death. Over 9 million neurons 
are to be lost every minute until reperfusion is established.2 The most common cause of 
IS is large vessel disease. In approximately 15 percent of all patients with IS, a thrombus 
originated from a stenosis in the internal carotid artery, caused by atherosclerosis, blocks 
a cerebral artery causing IS.3

Treatment of ischemic stroke
For patients with IS, treatment options have increased in the last three decades. Before 
the 1990s, nothing could be done in the acute phase and the treatment was solely to 
prevent a recurrent event by oral antithrombotic agents and to prevent complications of 
IS by admission to a brain care unit.

In the 1990s, intravenous thrombolysis (IVT), the intravenous administration of a 
thrombolytic agent (recombinant tissue plasminogen activator (alteplase)), was introduced. 
IVT should be given within the first four and a half hours after symptom onset and within 
this timeframe as soon as possible to increase the probability of a good outcome.4 At the 
moment, almost all hospitals in the Netherlands perform IVT, as shown in Figure 1. If a 
patient is picked up by an ambulance within the timeframe of treatment, the patient is 
always presented at a hospital that is capable to give IVT.

Additionally, in 2015, the multicenter collaboration for endovascular treatment of acute 
ischemic stroke in the Netherlands (MR CLEAN) trial was the first randomized clinical trial 
(RCT) worldwide to prove an additional benefit of endovascular treatment (EVT) to IVT 
within six hours after symptom onset.5 This effect was later confirmed in other comparable 
RCTs.6-9 The results of these RCTs were pooled in a meta-analysis in which the beneficial 
effect was verified.10 In EVT, the thrombus is removed by a mechanical device introduced 
via catheter under image guidance. Similarly, to IVT, the beneficial effect of EVT is also 
time-dependent: the earlier treated, the higher the probability of a good outcome. The 
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time-window in EVT is six hours. Currently, the 17 hospitals that contributed to the MR 
CLEAN trial are the hospitals that are refunded by the government to perform EVT. Two 
additional centers have recently started performing EVT as well.

More recently, other studies have shown that IVT and EVT is also beneficial in a selective 
group of patients outside these timeframes, even up to 24 hours, including patients 
who wake up with signs and symptoms of a stroke. This accounts for a selection of 
patients, often demonstrating a higher stroke severity and specific characteristics on 
more advanced imaging, such as computed tomography (CT) perfusion and magnetic 
resonance imaging (MRI).11-13

FIGURE 1 The participating hospitals in the Netherlands. The grey dots are hospitals that neither 
give IVT nor IAT. The blue dots are hospitals where IVT is given. The red dots are hospital where 
both IVT and IAT are given.

Treatment of symptomatic carotid stenosis
In patients with IS or transient ischemic stroke (TIA) that originated from a thrombus from 
a stenosis of the carotid artery or caused by hemodynamic insufficiency due to the carotid 
stenosis (often in combination with hypotension)14, surgical removal of the stenosis is 
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indicated to prevent a recurrent event. This can be done by either carotid artery stenting 
(CAS) or carotid endarterectomy (CEA). In the Netherlands, 97% of surgical interventions 
are CEAs, as this type of intervention leads to fewer complications than CAS.15 With CEA, 
the carotid artery is approached by an incision in the neck, after which the stenosis 
is removed. The profit of a carotid surgical intervention is determined by the balance 
between the risk of having a (more severe) IS when the intervention is not carried out 
versus the risk of getting a (new) IS caused by the intervention itself. Although these 
complications, such as a postoperative stroke or cerebral hyperperfusion syndrome, are 
rare, the impact on functional outcome after surgery can be considerable.

Additionally, similar to the treatment of acute IS, time to carotid surgery must be kept 
short as the risk of a recurrent event is highest shortly after the presenting event.16 
Keeping this time to carotid surgery short is not easy, as nearly all patients eligible for 
CEA are seen primarily by neurologists or, frequently in the case of ocular symptoms, 
by ophthalmologists and additional imaging is necessary for surgery. This warrants a 
well-organized multidisciplinary care path not only within the hospital but also between 
hospitals in the case of a referral.

Clinical auditing
The effectiveness of (new) treatments is usually identified by a randomized controlled 
trial (RCT) and is afterwards confirmed by multiple trials. Afterwards, the treatment is 
implemented in international or nationwide guidelines.17,18 However, this does not warrant 
a similar effect after implementation in every hospital as hospital performance can also 
influence the outcome of patients. Therefore, measuring and evaluating the quality of 
care provided by each hospital is necessary. In short, “Research is concerned with 
discovering the right thing to do; audit with ensuring that it is done right.”19 By identifying 
performance issues, targeted improvement processes can be initiated. This also can be 
done through auditing.

Auditing was first described by Ernest Amory Codman in 1910: “Clinical auditing is the 
systematic critical analysis of the quality of medical care, including procedures used for 
diagnosis and treatment and the resulting outcome for the patient, carried out by those 
personally engaged in the activity concerned.” In clinical auditing, the audit cycle is used 
(Figure 2). After the audit topic is identified, a minimum level of acceptable performance 
must be set. Thereafter, performance data must be systematically and uniformly collected. 
Next, the data is analyzed after which it is compared to the standard. This information is 
then reported back to healthcare providers. With this feedback, targets for improvement 
can be identified and changes can be implemented. This audit cycle runs continuously 
with the standard re-evaluated if needed.
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Set or re-
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Re-auditing
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FIGURE 2 The audit cycle.

In the Netherlands, the provision of good and accessible health care to the public is 
the responsibility of the Ministry of Health, Welfare and Sport. The policy of the Dutch 
government to improve the quality of care can be divided into three goals: 1) to measure and 
disclose the quality of care, 2) to increase the authority of patients in the decision-making 
of their care and 3) to make health care safer. To achieve the first goal, the National Health 
Care Institute (“Zorginstituut Nederland”) and the Health and Youth Care Inspectorate 
(“Inspectie Gezondheidszorg en Jeugd”) develop quality indicators about which the 
hospitals are by law obligated to provide annual data.20 A quality indicator is a measurable 
aspect of health care that indicates the quality of care provided.21 These indicators are 
structured into three different components: structure, process and outcome.22 Indicators 
on structure reflect the context in which care is delivered. Process indicators describe the 
care that the patient receives. Outcome indicators refer to the effects of the care on the 
health status of the patients. This could be either clinical end-points, such as mortality, as 
well as patient-reported end-points, such as fatigue.23 The National Health Care Institute 
entrusts the Dutch Institute for Clinical Auditing (DICA) among others to facilitate clinical 
audits for specific diseases. Each audit is led by the professional medical society to 
which the disease is related. This approach guarantees up-to-date and clinically relevant 
feedback information with targeted improvements and high participation rates. In total, 
22 nationwide clinical audits are now expedited by DICA.24 In two out of the 22 clinical 
audits, stroke care is evaluated: the Dutch Acute Stroke Audit (DASA) and the Dutch Audit 
for Carotid Interventions (DACI).
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In the DASA, patients with acute stroke are registered since 2014. The dataset consists 
of patient characteristics, treatment information and a follow-up on patient outcome 
after three months. As previously mentioned, the eligibility of a patient for treatment is 
highly related to the time to treatment. Therefore, important process indicators in acute 
ischemic stroke are the in-hospital delays to the treatment, i.e. the time from presentation 
at the hospital (“door”) to time of treatment. This is called door-to-needle time (DNT) and 
door-to-groin time (DGT) in IVT and EVT respectively.

In the Dutch Audit for Carotid Interventions, patients treated with CEA or CAS are registered 
since 2013. The datasets consist of patient characteristics, diagnostic and treatment 
information and complication rates up to 30 days after surgery, including postoperative 
stroke, reintervention after rebleed, wound hemorrhage, cranial nerve injury, readmission 
and death. Again, the time to treatment is an important process indicator, in this case the 
time from presentation at the hospital until carotid surgical intervention (“waiting time”).

THESIS OUTLINE
This thesis focusses on the current status of the quality of acute stroke care in the 
Netherlands, including the patients that have symptomatic carotid stenosis and treated 
with CEA, using data from the Dutch Acute Stroke Audit and the Dutch Audit for Carotid 
Interventions. Additionally, we identify areas for improvement, especially in time to 
treatment, and evaluate the feedback information that is provided for the hospitals.

In the first part of this thesis, we evaluate the quality of care in patients with AIS in the 
Netherlands. In Chapter II, we provide an overview of the structure and the aim of the 
DASA and show the results of the two first years of auditing. In Chapter III, factors that 
are associated with a delay in DNT in patients with IS treated with IVT are identified using 
data from the DASA. By identifying these patient factors, specific targeted improvement 
initiatives can be identified to lower the DNT.

For hospital comparison, funnel plots are used to visualize the variation between different 
hospitals and to identify better and worse performing hospitals. Usually, a binary outcome 
is used or a dichotomized continuous value. By dichotomizing a value, information is lost 
as only the tail of the population is examined. In Chapter IV, we present a novel funnel 
plot using a continuous measure which is illustrated by the DNT in acute stroke patients 
treated with IVT.
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In the second part of this thesis, we review the quality of care provided to patients with 
symptomatic carotid stenosis in the Netherlands. In Chapter V, we provide an overview 
of the structure and the aim of the DACI and show the results of the first three years of 
auditing. In the treatment of symptomatic carotid stenosis, the collaboration between 
neurologists and vascular surgeons is crucial to ensure a good quality of care for patients 
with symptomatic carotid stenosis as 93% of all patients treated with CEA are referred 
by neurologists. In Chapter VI, we have conducted a survey to both neurologists and 
vascular surgeons to gain insight into current policies regarding care surrounding CEA in 
the Netherlands and linked the factors identified from the surveys to clinical process and 
outcome measures using data from the DACI.

As previously mentioned, in patients with symptomatic carotid stenosis, the risk of a 
recurrent event is highest shortly after the first event. By reducing waiting time to CEA, 
the probability of recurrent events decreases. In Chapter VII, we have identified factors 
that are associated with hospital-dependent delay to CEA using data from the DACI. 
By establishing these factors, other hospitals can learn which patients are at risk of 
longer waiting time for CEA and can evaluate their own protocol accordingly. Additionally, 
we have conducted a systematic review and meta-analysis to identify these factors 
associated with delay to CEA found in prior research (Chapter VIII).

The individual complication rate after CEA is low. A composite measure consisting of 
multiple outcomes, such as stroke and/or death rate, is already commonly used in trials. 
However, a composite measure such as Textbook Outcome, which is achieved for an 
individual patient when all undesirable outcomes are absent, could be added to better 
evaluate hospital performance. This is further explored in Chapter IX.

In Chapter X, we summarize our main conclusions. Finally, Chapter XI comprises a 
general discussion of the preceding chapters.

141343-kuhrij-layout.indd   15141343-kuhrij-layout.indd   15 20/04/2020   10:5220/04/2020   10:52



16

Chapter I

REFERENCES
1. GBD 2016 Cause of Death Collaborators. Global, regional, and national age-sex specific 

mortality for 264 causes of death, 1980-2016: A systematic analysis for the global burden of 
disease study 2016. Lancet 2017; 390: 1151-1210.

2. Saver JL. Time is brain – quantified. Stroke 2006; 37: 263-266.
3. Petty GW, Brown RD Jr, Whisnant JP, Sicks JD, O’Fallon WM, Wiebers DO. Ischemic stroke 

subtypes: a population-based study of incidence and risk factors. Stroke 1999; 30: 2513-2516.
4. Lees KR, Bluhmki E, Kummer von R, Brott TG, Toni D, Grotta JC et al. Time to treatment with 

intravenous alteplase and outcome in stroke: An updated pooled analysis of Ecass, Atlantis, 
Ninds, and Epithet trials. Lancet 2010; 375: 1695-1703.

5. Berkhemer OA, Fransen PSS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, et al. A 
randomized trial of intraarterial treatment for acute ischemic stroke. N Eng J Med 2015; 372: 
11-20.

6. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al. Randomized 
assessment of rapid endovascular treatment of ischemic stroke. N Eng J Med 2015; 372: 1019-
1030.

7. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, et al. Stent-retriever thrombectomy 
after intravenous t-PA vs t-PA alone in stroke. N Eng J Med 2015; 372: 2285-2295.

8. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. Endovascular 
therapy for ischemic stroke with perfusion-imaging selection. N Eng J Med 2015; 372: 1009-
1018.

9. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al. Thrombectomy within 
8 hours after symptom onset in ischemic stroke. N Eng J Med 2015; 372: 2296-2306.

10. Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell PJ, Demchuk AM, et al. Endovascular 
thrombectomy after large-vessel ischaemic stroke: a meta-analysis of individual patient data 
from five randomised trials. Lancet 2016: 387: 1723-1731.

11. Thomalla G, Simonson CZ, Boutitie F, Andersen G, Berthezene Y, Cheng B, et al. MRI-guided 
thrombolysis for stroke with unknown time of onset. N Eng J Med 2018; 389: 611-622.

12. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. Thrombectomy 6 
to 24 hours after stroke with a mismatch between deficit and infarct. N Eng J Med 2018; 478: 
11-21.

13. Alberts GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. Thrombectomy 
for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl J Med 2018; 378: 708-
718.

14. Klijn CJM, Kappelle J. Haemodynamic stroke: clinical features, prognosis, and management. 
Lancet Neurol 2010: 9; 1008-1017.

15. de Borst GJ, Naylor AR. In the end, it all comes down to the beginning! Eur J Vasc Endovasc 
Surg 2015; 50: 271-272.

16. Johansson EP, Arnerlöv C, Wester P. Risk of recurrent stroke before carotid endarterectomy: 
the ANSYSCAP study. Int J Stroke 2013; 8: 220-227.

17. Naylor AR, Ricco JB, de Borst GJ, Debus S, de Haro J, Halliday A, Hamilton G, et al. Management 
of atherosclerotic carotid and vertebral artery disease: 2017 clinical practice guidelines of the 
European Society for Vascular Surgery (ESVS). Eur J Endovasc Surg 2018; 55: 3-81.

141343-kuhrij-layout.indd   16141343-kuhrij-layout.indd   16 20/04/2020   10:5220/04/2020   10:52



17

General introduction and thesis outline

18. Dutch Society of Neurology. Richtlijn herseninfarct en hersenbloeding. https://nvic.nl/sites/
nvic.nl/files/Richtlijnen%20aanmaken/Richtlijn%20herseninfarct%20en%20hersenbloeding.
pdf (2017, accessed at 14-11-2019).

19. Smith R. Audit & research. BMJ 1992; 305: 905-906.
20. Ministry of the Interior and Kingdom Relations. Zorgverzekeringswet. https://wetten.overheid.

nl/BWBR0018450/2019-07-01 (2019, accessed at 02-12-2019).
21. Colsen PJA, Casperie AF. Indicatorregistratie: een model ten behoeve van integrale 

kwaliteitszorg in een ziekenhuis. Medisch Contact 1995; 50: 297-299.
22. Donabedian A. The quality of care. How can it be assessed? JAMA 1988; 260: 1743-1748.
23. Birkmeyer JD, Dimick JB, Nirkmeyer NJO. Measuring the quality of surgical care: structure, 

process, or outcomes? J Am Coll Surg 2004; 198: 626-632.
24. Dutch Institute for Clinical Auditing. https://dica.nl/ (accessed on 14-11-2019).

141343-kuhrij-layout.indd   17141343-kuhrij-layout.indd   17 20/04/2020   10:5220/04/2020   10:52



1
Acute ischemic stroke

141343-kuhrij-layout.indd   18141343-kuhrij-layout.indd   18 20/04/2020   10:5220/04/2020   10:52



141343-kuhrij-layout.indd   19141343-kuhrij-layout.indd   19 20/04/2020   10:5220/04/2020   10:52



II

141343-kuhrij-layout.indd   20141343-kuhrij-layout.indd   20 20/04/2020   10:5220/04/2020   10:52



The Dutch Acute Stroke Audit:
Benchmarking acute stroke 

care in the Netherlands

Laurien S. Kuhrij, Michel W.J.M. Wouters, Renske 
M. van den Berg-Vos, Frank-Erik de Leeuw, Paul J. 

Nederkoorn, on behalf of the Dutch Acute Stroke Audit.

Eur Stroke J 2018; 3: 361-368

141343-kuhrij-layout.indd   21141343-kuhrij-layout.indd   21 20/04/2020   10:5220/04/2020   10:52



22

Chapter II

ABSTRACT
Introduction In the nationwide Dutch Acute Stroke Audit (DASA), consecutive patients 
with acute ischemic stroke (AIS) and intracranial hemorrhage (ICH) are prospectively 
registered. Acute stroke care is a rapidly evolving field in which intravenous thrombolysis 
(IVT) and intra-arterial thrombectomy (IAT) play a crucial role in increasing odds of 
favourable outcome. The DASA can be used to assess the variation in care between 
hospitals and develop ‘best practice’ in acute stroke care.

Methods We describe the initiation and design of the DASA as well as the results from 
2015 and 2016.

Results In 2015 and 2016, 55,854 patients with AIS and 7,727 patients with ICH were 
registered in the DASA. Treatment with IVT was administered to 10,637 patients (with an 
increase of 1.3% in 2016) and 1,740 patients underwent IAT treatment (with an increase 
of 1% in 2016). Median door-to-needle time for IVT and median door-to-groin time for 
IAT have decreased from 27 to 25 minutes and 66 to 64 minutes, respectively. Mortality 
during admission was 4.9% in patients with AIS, whereas 26% percent of patients with 
ICH died. Modified Rankin scale (mRS) score at three months was registered in 49% of 
AIS patients and 45% of the patients of ICH patients.

Conclusion Increasing completeness of registration of the outcome, in combination with 
adjustment for patient-related factors, is necessary to define and further improve the 
quality of the acute stroke care.
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INTRODUCTION
Stroke is the second most common cause of death and one of the main causes of 
disability and mortality in the world.1 Therefore, a lot of research into treatment of strokes 
is carried out and as a result, the field of acute stroke care is rapidly evolving. Intravenous 
thrombolysis (IVT), and the more recently introduced intra-arterial thrombectomy 
(IAT), both currently play an important part in the treatment of acute ischemic stroke 
(AIS). In IVT as well as IAT, the treatment should be given in the first 4.5 or 6 hours, 
respectively, and within these timeframes as soon as possible (‘time is brain’).2 The 
faster these treatments are provided, the higher the odds for a favourable outcome.3,4 
The treatment with IVT and IAT is logistically and technically complex and performed 
by a multidisciplinary and experienced team consisting of neurologists, (intervention) 
radiologists, anaesthesiologists and nurses in often different hospitals. Therefore, a well-
organized acute stroke care is a necessity.

By measuring everyday practice, more information can be obtained regarding the quality of 
stroke care compared to the information provided by clinical trials alone. Clinical auditing 
is an instrument that seeks to assure the quality of patient care and aids to improve 
outcomes. It uses quality indicators to measure the performance of an individual hospital 
over time and compares the quality of care provided between hospitals. Therefore, 
clinical auditing can identify areas for improvement. The primary clinical auditing tool for 
stroke in the Netherlands since 2014 is the Dutch Acute Stroke Audit (DASA). The DASA is 
a clinical audit concerning stroke care for patients with AIS and intracranial haemorrhage 
(ICH). The DASA can serve as an instrument to determine the variation of care between 
hospitals to investigate the reason for this variation and to find ways to improve, for 
example, by an in-depth study of best-practices in acute stroke care.

The aim of this study was to present the structure of the DASA and evaluate the results 
of the registration of acute stroke care parameters in the DASA from 2015 up to and 
including 2016.

METHODS

Initiation of the DASA
In the Netherlands, the foundation ‘Kennisnetwerk CVA NL’ (KNCN) was set up in 2006 
to secure and improve care by registering the multidisciplinary care of stroke patients 
on a regional level. In 2014, KNCN joined the Dutch Institute for Clinical Auditing (DICA) 
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to initiate the Cerebrovascular Accident Benchmark (CVAB) to register stroke patients to 
evaluate stroke care in each hospital in the Netherlands. In 2016, the Netherlands Society 
of Neurology (NVN) took over the governance of the audit. Due to the high registration 
burden of the audit and the developments in acute stroke care treatment, the primary 
focus of the registry was shifted towards the acute treatment of AIS. In 2017, the CVAB 
registry was renamed to DASA.

DICA as a facilitator of clinical audits in the Netherlands
DICA is an independent organization, founded by medical specialists, that facilitates 
national audits for various medical professions, including the DASA. The National Health 
Care Institute utilises DICA to fulfill the role given by the government of maintaining the 
quality and affordability of health care in the Netherlands as well as provide transparency 
in quality of care to the public. Funding for the audit is ensured by ‘Zorgverzekeraars 
Nederland’ (i.e. the umbrella organization of nine health insurers in the Netherlands).

Dataset defined by experts in the field
The NVN formed a clinical audit board, consisting of mandated clinical experts in acute 
stroke care. Alongside neurologists, this board consists of a vascular surgeon (specialized 
in carotid interventions), an epidemiologist and additionally includes representation of the 
board of the NVN. The clinical audit board defines the indicators, containing performance 
indicators as well as outcome measures. These are based on Dutch evidence-based 
guidelines5 and emerge from conferences with neurologists active in the NVN and are 
updated with the latest developments in stroke care. They are used to assess the provided 
quality of care and identify variation between hospitals. Each variable in the dataset is 
evaluated by the clinical audit board for clinical relevancy on an annual basis.

Data collection
The data dictionary of the DASA is shown in Supplement 1. The data are collected with 
a waiver of patient consent, as is common in clinical audits. Hospitals are free to decide 
who carries out the data registration (for instance, (research) nurses, data managers or 
neurologists), but the final responsibility rests with the neurologist. Besides DICA and 
the NVN, a third party, Medical Research Data Management (MRDM), is involved to 
anonymise the data to comply with the privacy legislature. Hospitals have three ways 
to provide the collected data to this data processor. First, an online survey through a 
secured web environment is available for hospitals to record the data. Second, hospitals 
can distribute the data in batches, i.e. data files in which large amounts of data can be 
transferred directly to the data processor. Third, to minimise registration burden, some 
hospitals took the initiative to implement data linkage, i.e. extracting the data from their 
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individual electronic patient health record to be automatically forwarded to MRDM. 
Thereafter, the data are reported in a de-identified format to the clinical researcher of the 
DASA and the clinical audit board, who perform the nationwide data analysis.

Feedback of data
Results of the data are provided to participating hospitals through a secured website, 
MyDASA. The results are weekly updated. Annually, indicators that are shown to be valid 
(i.e. the indicator is a valid tool to measure the defined care) and complete are selected 
by the clinical audit board for public transparency. These indicators are discussed with 
other stakeholders, such as medical specialists, hospitals, organisations representing 
patients and insurers and are then included in next year’s transparent indicators. During 
the next year of inclusion, the results of the established set of public indicators can be 
monitored in MyDASA and at the end of the year hospital-specific indicator results are 
published online and therefore visible to all relevant parties through DICAs web-based 
Transparency Portal. In this way, the public, as well as the health care insurers and the 
government, are informed with meaningful information about the quality of the care 
provided by individual hospitals.

Patient domain
The DASA is a voluntary prospective clinical audit. Consecutive patients over 18 years of 
age that are presented in the acute phase with AIS and ICH at the hospital are included. 
Patients are considered to be in the acute phase of the stroke when they are presented 
to the emergency room or when they suffer a stroke while admitted to the hospital. 
Excluded are patients with a transient ischemic attack (TIA), cerebral venous thrombosis, 
subarachnoid haemorrhage, subdural and epidural hematoma. In regards to the DASA, 
TIA was defined as a neurological event caused by a temporary lack of blood flow with 
neurological deficits that were not apparent at presentation anymore. Imaging proven 
infarct with a time of deficit of less than 24 hours was classified as AIS. The minimal data 
requirements to consider a patient eligible for analysis are date of birth, type of stroke and 
date of presentation with symptoms of stroke at the hospital. The date of presentation at 
the hospital is used to determine the year of inclusion.

Indicators
The collected data of each patient can be divided into three categories: patient and/
or disease characteristics, process- and outcome indicators. Age, gender and type 
of stroke are registered as relevant patient characteristics. The severity of stroke, i.e. 
National Institutes of Health Stroke Scale (NIHSS) score, was not registered in everyday 
practice (i.e. outside of trial setting) for each stroke patient until 2017. Process indicators 
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measure the activities concerning aspects of health care that were delivered by the health 
care providers. In the DASA, onset-to-door time was registered for both patients with 
AIS as well as patients with ICH. Onset time was defined as the time when symptoms 
of stroke started reported by the patient or an observer. In case the patient had a stroke 
during sleep, or the patient could not recall the time when symptoms began, the onset 
time was defined as unknown. Door time was defined as the time of arrival at emergency 
room. In case the patient has a stroke while admitted to the hospital, then the time when 
the neurologist sees the patient as the door time. Onset-to-door time was defined as 
the difference between onset time and door time. Other process indicators have been 
implemented, such as application of IVT and/or IAT, including the derived door-to-needle 
time (DNT) and door-to-groin time (DGT), for only patients with AIS. DNT is defined as the 
door-time to the start of IVT. DGT is the door time at the IAT centre to the groin puncture 
at the start of the IAT. To assess the functional outcome after three months, the modified 
Rankin scale (mRs) score is used. Data for this indicator are collected by a research 
nurse over the telephone. Additionally, during this time point, possible mortality will be 
recorded.

Statistical analysis
R Studio version 3.4.3 was used for statistical analysis. Patients with AIS and ICH 
registered in registration years 2014 up to and including 2016 were included. First, the 
volume of the DASA was described of the whole cohort. For further analysis, the year 2014 
was excluded as this was a start-up year and was believed to be incomplete. Differences 
between patients and treatment characteristics are described using descriptive statistics. 
Categorical variables were compared using the chi-square trend test. Kruskal-Wallis test 
was used to assess age, onset-to-door time, DNT and DGT over the years of registration. 
Ordinal regression was used to determine the difference in mRs scores for each year. 
Logistic regression was used to determine the effect of IAT centre on dichotomized 
mRs (0-2 compared to 3-6). For this study, no informed consent or ethical approval was 
required under Dutch law.

RESULTS
During the first three years of the audit, the DASA has included over 86,388 patients: 
10,680 (12%) with ICH and 75,708 (88%) with AIS. In 2014, the first year of the audit, 75 
hospitals participated. By 2016, 81 hospitals participated in the audit.
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TABLE 1 Patient and disease characteristics, process indicators and outcome indicators registered 
in the DASA.

Acute ischemic stroke
(n = 55,854)

Intracranial haemorrhage
(n = 7727)

2015 2016 p-value 2015 2016 p-value

Number of patients 28,820 27,034 4145 3582

Number of hospitals 78 80 79 75

Patient and disease characteristics

Age, years (median, IQR) 74
(64-82)

74
(64-82)

0.92 76
(65-83)

76
(66-84)

0.17

Male sex (n,%) 14,555
(52)

13,839
(53)

0.62 1997
(52)

1802
(53)

0.61

Onset-to-door time,  minutes 
(median, IQR)

171
(74-544)

175
(74-570)

0.42 138
(61-430)

130
(61-408)

0.45

Process indicators

Intravenous thrombolysis (n,%) 5,338
(20.4)

5,299
(21.7)

<0.001 - - -

Door-to-needle time, 
minutes (median, IQR)

27
(20-37)

25
(19-35)

<0.001 - - -

Intra-arterial thrombectomy (n,%) 755
(3.1)

985
(4.1)

<0.001 - - -

Door-to-groin time, minutes 
(median, IQR)

66
(41-99)

64
(35-95)

0.02 - - -

Outcome indicators

In-hospital mortality (n,%) 1310
(5.0)

1161
(4.8)

0.19 995
(25.4)

863
(26.4)

0.35

Modified Rankin Scale (mRS)- score*

No symptoms,
mRs 0 (n,%)

2144
(17.8)

2294
(19.8)

<0.001 89
(7.1)

87
(7.5)

<0.001

Mild symptoms,
mRs 1-2 (n,%)

6178
(51.2)

5893
(51.0)

478
(37.9)

459
(39.6)

Moderate to severe symptoms,
mRs 3-5 (n,%)

2783
(23.1)

2608
(22.5)

478
(37.9)

414
(35.8)

Death, mRS 6 (n, %) 953
(7.9)

769
(6.6)

215
(17.1)

198
(17.1)

IQR: interquartile range. P-values < 0.05 are printed bold. *mRS was not obtained of patients that died during admission.
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Patient characteristics
From January 2015 to December 2016, 55,854 patients with AIS and 7727 patients with 
ICH were registered in the DASA. The median age of patients with AIS was 74.0 years 
(IQR 64-82) and 52% was male. Of the patients with ICH, the median age was 76.0 years 
(IQR 66-83) and 52% was male. The median age and sex distribution did not significantly 
change over the years for both AIS and ICH, as shown in Table 1.

Process indicators
Median onset-to-door time was 173 minutes (IQR 74-544) in patients with AIS and 134 
minutes (IQR 61-421) in patients with ICH. Onset-to-door time did not change over time 
in both AIS and ICH.

Seventy-five hospitals administrating IVT are registered in the DASA. In 2015, 20.4% (n 
= 5338) of the patients with AIS received IVT. This percentage increased to 21.7% (n = 
5299) in 2016 (p <0.001).

During the registry, the median DNT reduced from 27 minutes (IQR 20-37) to 25 minutes 
(IQR 19-35) (p<0.001). The range of distribution of IQR decreased over the years, implying 
that variation in DTNT reduced, as shown in the density plot in Figure 1.  Of all patients 
receiving IVT during the study period, 92 % was given within 60 minutes or less.
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FIGURE 1 Distribution of DNT in patients with AIS treated with IVT for each year. The vertical lines 
represent the annual median.
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On a hospital level, the median DTNT ranged from 15.5 minutes to 48 minutes over the 
course of 2015 and 2016, as shown in Figure 2A. Figure 2B shows the delta for each 
hospital, i.e. the difference of median DNT between 2015 and 2016. Forty-three hospitals 
lowered their median DNT when comparing 2015 and 2016, six hospitals have similar 
median DNTs and 23 hospitals show an increase of median DNT.

FIGURE 2 (A) Boxplots of DNT with range of distribution from fifth to 95th percentile for 2015 and 
2016 combined for each hospital registering in the DASA. (B) Difference in median DNT in minutes 
(i.e. delta) between 2015 and 2016 for each hospital registering in the DASA. The dotted line reflects 
the nationwide trend of reduction of median DNT.

The Multicenter Randomized Clinical trial of Endovascular treatment for Acute ischemic 
stroke in the Netherlands (MR CLEAN) proved irrevocably as the first international 
randomized controlled trial that IAT is an effective and safe therapy when administered 
within 6 hours after AIS caused by proximal intracranial occlusion of the anterior 
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circulation.6 All 17 IAT hospitals, which also participated in the MR CLEAN registry, 
registered their IAT patients in the DASA. In 2015, 3.1% of patients (n = 755) with IAT 
treatment were registered; by 2016, this increased to 4.1% (n = 986; p<0.001).

During the study period, the median DGT reduced from 66 minutes (IQR 41-99) to 64 
minutes (IQR 35-95). Similar to the DNT in treatment with IVT, the variation in DGT 
reduced, as shown in Figure 3.

Outcome indicators
Of patients with AIS registered from 2014 to and including 2016, the mortality during 
admission was 4.9% with no significant difference between the years of inclusion (p = 
0.19). Of the patients that were discharged, 7.3% had died at three-month follow-up. After 
three months, 70% of patients were functional independent (mRs score of 0 - 2) of which 
19% had no symptoms at all (mRs score of 0). When comparing IAT centres to non-IAT 
centres, the IAT centres have significantly more patients with severe outcome (mRS score 
of 3 - 6) than non-IAT centres (OR 1.09; 95% CI 1.04-1.15; p = 0.001).
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FIGURE 3 Annual distribution of DGT in patients with AIS treated with IAT.  The vertical lines 
represent the annual median.
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Of patients with ICH from 2014 to and including 2016, the mortality during admission was 
26%. At the three-month follow-up of the patients that were discharged from hospital, 
another 17% had died. After three months, 47% of patients were functional independent 
(mRs score of 0 - 2) of which 7% had no symptoms at all (mRs score of 0). Moderate or 
severe disability (mRS of 3 - 5) was assessed in 37% of the follow-up patients. When 
comparing both years, no significant differences in independent functioning at three 
months was found (p=0.35).

After discharge, the follow-up was registered in 49% of the patients with AIS and 45 
% of the patients with ICH. For both AIS and ICH, the percentage of completeness of 
registration for each hospital ranges from 0 to 99.7% and 0 to 100%, respectively.

DISCUSSION
This is the first report of the DASA. Since the start of the DASA in 2014, over 86,000 stroke 
patients have been registered. During the DASA, the median time to treatment for both 
IVT and IAT decreased and showed a narrower range of distribution of treatment time, 
indicating less variability.

Clinical auditing, in this case by using DASA, can be used to define a standard by 
using process indicators and outcome indicators to assess the quality of the treatment 
provided by hospitals.7-9 Due to the ongoing continuous character of the auditing 
cycle, an up-to-date benchmark can be provided. Several studies have shown that a 
reduction of the DNT in stroke care can be reached, using quality registration as a tool 
for improvement.10-12 As a result, the requirement of a median DNT under 45 minutes for 
each hospital has now been formulated in the Dutch national quality standard of acute 
stroke to stimulate local interventions aiming at a reduction of time to treatment. Local 
quality improvement processes in the Netherlands for DNT have shown to be effective. 
For instance, Zinkstok et al.13 and Van Schaik et al.14 used information obtained from an 
auditing cycle to significantly reduce the median DNT in IVT treatment. With the addition 
of IAT as a second acute treatment option for patients with AIS, the DASA can be utilized 
to evaluate the DGT. IAT is only performed in selected centres; therefore, referral from a 
centre where the patient primarily presented is often necessary. On short term and based 
on the data in the DASA, it will be possible to calculate door-to-door-to-groin times to 
evaluate the regional organisation of stroke care.

There are several limitations to the DASA. First, the severity of stroke was not registered in 
the DASA during the first three years of the registry. However, such influencing prognostic 
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patient-related factors are necessary to register to understand the measured outcome. 
From January 2014 until September 2016, five hospitals in the DASA registered a more 
extensive set of variables to identify possible influential factors. Three were determined: 
age, type of stroke (either AIS or ICH), and the severity of the stroke (defined by the 
NIHSS score). Earlier research verified these as important prognostic factors for which 
30-day outcome measures must be adjusted.15 Since 2017, the NIHSS score was added 
to the dataset and these case-mix factors are used in order to provide reliable benchmark 
information.

A second possible limitation is that to date, the mRs score after three months has been 
registered in 49% of the patients with AIS and 45% of patients with ICH. This percentage 
of completion needs to improve to better assess quality improvement. When correcting 
for patients-related factors, the outcome measure could be able to rank hospitals, as 
mentioned earlier. It is challenging for hospitals in the Netherlands to complete this data, 
as they do not get financial support to aid this process. Other national audits seem to 
experience the same difficulty with completeness range from 5 to 100%.16 The NVN is 
actively appealing to the neurologists to implement NIHSS score registration in the acute 
phase of AIS as well as to increase the completeness concerning the three-month follow 
up.

A final limitation is that data completeness is challenging to determine as only patients 
presented to the emergency room in the acute phase of the stroke are registered in the 
DASA. Patients seen in the outpatient clinic are not included but are assigned the same 
diagnosis-treatment-combination (DBC) hospital reimbursement code. To assess data 
accuracy, we will perform data verification on a random sample in the near future.

Even with the significant reduction of DNT and DGT, the DASA can continue to play an 
important role in monitoring and improving stroke care in the future. The DAWN-trial17 and 
the DEFUSE-3 trial18 have recently proven that IAT is effective in a selection of patients 
with large vessel occlusion with an onset of stroke symptoms for more than six hours 
and less than 24 hours. This indicates that these patients with longstanding symptoms 
must be assessed in the acute setting as well, resulting in extra strain on acute stroke 
services. This warrants an adjustment in the regional logistic protocol. The DASA can be 
used to monitor the implementation of this adjusted protocol and indicate domains for 
improvement.
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CONCLUSION
From 2014 to and including 2016 the DASA, a national audit in the Netherlands, has 
registered over 86,000 patients with AIS and ICH. Over the course of time, the number 
of patients who received IVT and/or IAT and have been enrolled in the registry has 
significantly risen and the median time from the door of the hospital to treatment has 
been reduced. Increasing completeness of registration of the outcome, in combination 
with adjustment for patient-related factors, is necessary to define and further improve the 
quality of the acute stroke care provided by each hospital. Due to the rapidly evolving field 
of acute stroke care and the broadening of the selection of patients that are eligible for 
treatment, there is a continuing need for monitoring and assessing stroke care as done 
by the DASA.
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SUPPLEMENT 1 Data dictionary DASA

Variable Optionset Definition
Completeness 

(%)

Patient characteristic

Patient ID- 
number* 

- Citizen service number +

Sex Male/Female - 96.6%

Date of birth* - Year of birth +

Process indicators

Onset time 
(date/time)

- The time when symptoms of stroke started 
reported by patient or observer. In case the 
patient had a stroke during sleep, or the patient 
could not recall the time when symptoms 
began, the onset time was defined as unknown.

59% AIS
58% ICH

Door time 
(date/time)

- The time of arrival at emergency room. In case 
the patient has a stroke while admitted to the 
hospital, then the time when the neurologist 
sees with patient as the door-time.

+

Diagnosis Ischemic stroke1/ 
Intracerebral 
hemorrhage2

1Excluded are: transient ischemic attack, (stroke 
as a result of) cavernous sinus thrombosis.
2Excluded are: subarachnoid hemorrhage, 
subdural/ epidural hematoma, hemorrhage 
from arteriovenous malformation, hemorrhagic 
transformation of space-occupying lesion

+

Intravenous 
thrombolysis

No/Yes Administration of alteplase intravenously 
(0.9 milligram/kilogram of which 
10% is given in bolus and remaining 
90% in one hour consecutively) 

90.7%

Needle time 
(date/time)

- Time of start intravenous thrombolysis 94.6%

Intra- arterial 
thrombectomy 

No/Yes Intracranial mechanical thrombectomy 87%

Groin time 
(date/time)

- Time of groin puncture (at the start of 
the intra-arterial thrombectomy)

85%

Outcome indicators

Course of 
admission

Hospital 
discharge/ Death

- 91%

Follow-up Modified Rankin 
Scale score

Internationally used scale ranging 
from no symptoms (0) to death (6). 

49% AIS
45% ICH

*Variables are anonymized in dataset/withheld from dataset due to privacy legislation.
+Inclusioncriteria: if variable is not registered, patient is not included in analysis
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ABSTRACT
Introduction Intravenous thrombolysis (IVT) plays a prominent role in the treatment of 
acute ischemic stroke (AIS). The sooner IVT is administered, the higher the odds of a 
good outcome. Therefore, registering the in-hospital time to treatment with IVT, i.e. the 
door-to-needle time (DNT), is a powerful way to measure quality improvement. The aim of 
this study was to identify determinants that are associated with extended DNT.

Methods Patients receiving IVT in 2015 and 2016 registered in the Dutch Acute Stroke 
Audit were included. DNT and onset-to-door time (ODT) were dichotomized using the 
median (i.e. extended DNT) and the 90th percentile (i.e. severely extended DNT). Logistic 
regression was performed to identify determinants associated with (severely) extended 
DNT/ODT and its effect on in-hospital mortality. A linear model with natural spline was 
used to investigate the association between ODT and DNT.

Results Included were 9518 IVT treated patients from 75 hospitals. Median DNT was 26 
minutes (IQR 20-37). Determinants associated with a higher likelihood of extended DNT 
were female sex (OR 1.17, 95% CI 1.05-1.31) and admission during off-hours (OR 1.12, 95% 
CI 1.01-1.25).  Short ODT correlated with longer DNT, whereas longer ODT correlated with 
shorter DNT. Young age (OR 1.38, 95% CI 1.07-1.76) and admission to a comprehensive 
stroke centre (OR 1.26, 95% CI 1.10-1.45) were associated with severely extended DNT, 
which was associated with in-hospital mortality (OR 1.54, 95% CI 1.19-1.98).

Conclusion Even though the median DNT in the Netherlands is short compared to other 
countries, lowering the DNT may be achievable by focusing on specific subgroups.

141343-kuhrij-layout.indd   40141343-kuhrij-layout.indd   40 20/04/2020   10:5220/04/2020   10:52



41

Determinants of extended door-to-needle time

INTRODUCTION
Stroke is one of the leading causes of disability and mortality in the world.1 Intravenous 
thrombolysis (IVT) with recombinant tissue plasminogen activator (rtPA) is an established 
intervention for patients with acute ischemic stroke (AIS). IVT increases the odds of 
independent functioning. With every minute the treatment is started earlier, the higher 
the odds of a good outcome: ‘time is brain’.2 When IVT is administered within 90 minutes 
after onset of symptoms, the number needed to treat (NNT) is 4.5 which is increased to 
a NNT of 9 between 91 and 180 minutes.3 The door-to-needle time (DNT), the time from 
presentation of patient with symptoms at the hospital to the start of IVT, can therefore 
be used to evaluate the quality of the acute stroke care provided by each hospital.4 
Lowering the median DNT is an essential goal for quality improvement and is therefore 
used worldwide in audits for this particular purpose.

In the Netherlands, the Dutch Acute Stroke Audit (DASA) registers the median DNT as a 
process indicator to allow for comparison between hospitals. The median DNT is relatively 
short in the Netherlands compared to other countries.5 Given that reduction in time to 
treatment increases the probability of a good outcome, it remains crucial to identify which 
patients have a longer than median DNT. The aim of this study is to identify patient- and 
clinical characteristics associated with (severely) extended DNT from a large nationwide 
registry. Secondary objectives were to identify factors associated with a delay in onset-
to-door time (ODT) and to assess the impact of extended DNT on in-hospital mortality.

METHODS

Patients and data
The DASA is a nationwide, registry-based, prospective cohort study in which data are 
collected of patients with AIS and hemorrhagic stroke admitted to one of the 81 hospitals 
participating in the registry since 20145. The DASA is a clinical audit managed by the 
Dutch Society of Neurology, a nationwide professional association for neurologists, 
and facilitated by the Dutch Institute for Clinical Auditing (DICA). It utilizes indicators to 
measure the quality of care and provides a national benchmark. For the present study, all 
consecutive patients with AIS who received IVT registered in 2015 and 2016 in the DASA 
were included. At this time, pre-notification by ambulance and computed tomography 
(CT) of the brain as primary imaging modality was considered standard of care. AIS was 
defined as infarction proven on imaging with a deficit exceeding 24 hours. Excluded were 
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patients with transient ischemic attack (TIA) or infarction as a complication of cerebral 
venous thrombosis. Under Dutch law, no informed consent or ethical approval was 
required for this study.

Definitions
DNT was defined as the difference between door-time and needle-time. The definition 
of the door-time was the time at which the patient was presented at the emergency 
room with a stroke. In case the patient was already admitted to the hospital, the time of 
examination by the neurologist was used as the door-time. Needle-time was defined as 
the time when the (bolus of) rtPA was given. In 575 patients (5.4%) the DNT was unknown 
and therefore these were excluded from the analysis. For this study, two different cut-off 
points were used for analysis: ‘extended DNT’ and ‘severely extended DNT’. Extended 
DNT was defined as a DNT above the median, as the median DNT is used as a quality 
indicator of acute stroke care. Severely extended DNT was determined as a DNT above 
the 90th percentile. These cut-off points were chosen for two purposes: to investigate 
whether there is a difference in determinants associated with both cut-off points and to 
compare these determinants to studies in other countries where the cut-off point was 
around an hour corresponding with the 90th percentile of this study.6-8 The upper limit of 
the DNT is set to 270 minutes, consistent with the timeframe of 4.5 hours in which the IVT 
is indicated. Similarly, the upper limit of the ODT was set at 270 minutes.

ODT was defined as the difference between onset-time and door-time. Onset-time was 
defined as the time when signs and symptoms of stroke occurred, as reported by the 
patient or an observer. In case the patient had a stroke during sleep, or the patient could 
not recall the time when symptoms began, the onset time was defined as unknown. The 
ODT was unknown in 545 patients (5.3%). Therefore, these patients were excluded from 
the analysis. Similar to the cut-off points for DNT, ODT cut-off points were set at median 
(extended ODT) and the 90th percentile (severely extended ODT). A comprehensive stroke 
center was specified as a stroke center in which intra-arterial thrombectomy can be 
performed following IVT. Primary stroke centers are those performing IVT only.

Admission during off-hours was specified as admission outside office hours from Monday 
until Friday, i.e. between 18:00 and 8:00 hours, or on Saturday or Sunday. In-hospital 
mortality was defined as death during admission at the hospital.

Statistical analysis
First, we used descriptive statistics to test for differences in patient characteristics, 
hospital factors as well as outcomes between 2015 and 2016, given the known decrease 
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in DNT over time. ODT and DNT were reported as medians with interquartile ranges 
(IQR). Chi-square tests were used to test for differences in dichotomous variables. Mann-
Whitney U test and Kruskal-Wallis tests were used to test for differences in age and ODT/ 
DNT respectively as these factors were not normally distributed.

Second, we performed logistic regression analysis to identify possible determinants 
for (severely) extended DNT and (severely) extended ODT. Univariate and subsequently 
multivariable logistic regression analysis was performed for both outcomes. The 
following possible determinants for extended or severely extended DNT were tested: 
age (continuous, in years), sex (female/male), ODT (continuous, in minutes), admission to 
comprehensive stroke center (yes vs no), admission during off-hours (yes vs no) and year 
of inclusion (2015 vs 2016). The determinants selected for identification of determinants 
associated with (severely) extended ODT were similar to the DNT analysis. The severity 
of signs and symptoms of the stroke (using a National Institute of Health Stroke Scale 
(NIHSS)-score) was not registered in the DASA during the study period. Continuous 
variables were first plotted to check for possible non-linearity. If so, points at which the 
relations changed were used to classify into categories. Factors with a p-value of 0.1 or 
lower in univariate analysis were included in the multivariable regression. Factors were 
added using forward selection and interaction between factors was investigated. The 
correlation between ODT and DNT was further analyzed by a generalized linear model 
using a natural spline. A heatmap was added to provide a graphical representation of 
data to visualize the density of individual DNTs for each time point. In this heatmap, the 
grey color indicates a low density whereas the light blue indicates higher density.

Last, possible determinants associated with in-hospital mortality were tested. Continuous 
variables (i.e. age, ODT and DNT) were first plotted to check for non-linearity and 
categorized by change in association. Similar logistic regression analysis was used to 
determine the association between DNT and in-hospital mortality, adjusted for included 
determinants.

R studio version 3.4.3 was used for statistical analysis.

RESULTS
In total, 55,860 patients with AIS from 75 Dutch hospitals were registered in the DASA in 
2015 and 2016. Of these patients, 10,638 received IVT (19%). After exclusion of patients 
with unknown ODT (n = 837) and DNT (n = 575), 9518 could be included in the current 
analyses (Table 1). The mean age was 71 years and 54 % were males. Median ODT was 

141343-kuhrij-layout.indd   43141343-kuhrij-layout.indd   43 20/04/2020   10:5220/04/2020   10:52



44

Chapter III

71 minutes and did not significantly change over the years. Thirty-two percent of patients 
were admitted to a comprehensive stroke center. The percentage of patients admitted 
during off-hours did not change over time (p = 0.64). Median DNT decreased from 27 
minutes in 2015 to 25 minutes in 2016 (p < 0.001). In-hospital mortality in this study group 
reduced from 6.2% to 5.6% although this was not statistically significant (p = 0.29).

TABLE 1 Baseline characteristics.

Total

Year of inclusion

p-value2015 2016

Number of patients 9,518 4814 4704

Number of hospitals 75 75 74

Patient characteristics

Age in years (mean, sd) 71.0 (13.7) 70.9 (13.9) 71.0 (13.6) 0.77

Women (n, %) 4297 (46.0%) 2207(46.4%) 2090 (45.5%) 0.39

Median onset-to-door time (IQR) 71.0 (45-119) 71.0 (45-119) 71.0 (45-119) 0.89

Hospital factors

Admission to comprehensive 
stroke center

3079 (32.3%) 1619 (33.6%) 1460 (31.0%) 0.01

Admission during off-hours 4696 (49.2%) 2358 (49.0%) 2328 (49.5%) 0.64

Median door-to-needle time (IQR) 26.0 (20-37) 27.0 (20-37) 25.0 (19-35) <0.001

Outcome measure

In-hospital mortality 561 (5.9%) 296 (6.2%) 265 (5.6%) 0.29

Factors influencing the door-to-needle time
Extended DNT was thus defined as DNT above 26 minutes and severely extended DNT 
above 55 minutes. The impact of different determinants on (severely) extended DNT are 
shown in Table 2. Factors independently associated with an increased likelihood of an 
extended DNT were: female sex (OR 1.17, 95% CI 1.05-1.31), admission during off-hours 
(OR 1.12, 95% CI 1.01-1.25) and inclusion in 2015 versus 2016 (OR 1.33, 95% CI 1.14-1.35). 
An ODT of three hours and above had a significantly reduced likelihood of an extended 
DNT (OR 0.75, 95% CI 0.61-0.91).
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TABLE 2 Effect of patient- and clinical determinants on door-to-needle time, expressed in odds 
ratio’s (with 95th confidence intervals) for different cut-off points.

Door-to-needle time

Univariate analysis Multivariable analysis

Median
(26 min) 

90th percentile
(55 min)

Median*

(26 min)
90th percentile+

(55 min)

Age (years)

<50 1.19
(1.01–1.40) ^

1.42
(1.11 -1.81) ^

1.16
(0.98- 1.37)

1.38
(1.07- 1.76)´

50-75 Reference

>75 1.12
(0.98 – 1.27)

1.18
(0.95-1.45)

1.11
(0.97- 1.27)

1.21
(0.97- 1.49)

Female sex 1.21
(1.11-1.32) ^

1.08
(0.94-1.24)

1.17
(1.05- 1.31)´

-

Onset-to-door time (minutes)

<40 1.10
(0.99-1.23)

1.42
(1.20- 1.66) ^

1.15
(1.00-1.33)

1.37
(1.11- 1.69) ´

40-180 Reference

>180 0.76
(0.65- 0.88) ^

0.40
(0.28- 0.57) ^

0.75
(0.61- 0.91) ´

0.46
(0.28- 0.56) ´

Admission to comprehensive 
stroke center

0.94
(0.86-1.03)

1.27
(1.10 – 1.46) ^

- 1.26
(1.04- 1.50) ´

Admission during off-hours 1.15
(1.06- 1.25) ^

1.08
(0.95- 1.24)

1.12
(1.01- 1.25) ´

-

Year of inclusion

2015 1.24
(1.14- 1.34) ^

0.97
(0.85 – 1.11)

1.33
(1.14- 1.35) ´

-

2016 Reference
*Adjusted for age, female sex, onset-to-door time, admission during off-hours and year of inclusion. +Adjusted for age, onset-to-
door time and admission to comprehensive stroke center. ^P-value below 0.1. ´P-value below 0.05.

Factors that increased the likelihood on severely extended DNT were slightly different: 
age below 50 years (OR 1.38, 95% CI 1.07-1.76), admission to comprehensive stroke 
center (OR 1.26, 95% CI 1.04-1.50) and short ODT (OR 1.37, 95% CI 1.11-1.69). Like with 
an extended DNT, an ODT of three hours and above was associated with a reduced 
likelihood of a severely extended DNT (OR 0.46, 95% CI 0.28-0.56).
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In Figure 1, the correlation between ODT and DNT is visualized. It appears that patients 
with a short ODT have a higher DNT than patients with a long ODT. The median DNT is 27 
(IQR 20-40) in patients with an ODT of 40 minutes or shorter. Conversely, in patients with 
an ODT of three hours or higher, the median DNT is 25 (IQR 18-33).
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FIGURE 1 Association between onset-to-door time and door-to-needle time using a linear model 
with regression line and 95% confidence intervals. A heatmap was added.

Factors influencing the onset-to-door time
Extended ODT was defined as ODT above 71 minutes and severely extended ODT above 
175 minutes. The following factors were independently associated with extended ODT: 
age above 75 years (OR 1.38, 95% CI 1.26-1.50), female sex (OR 1.16, 95% CI 1.06-
1.26) and admission during off-hours (OR 1.12, 95% CI 1.03-1.21) (Table 3). For severely 
extended ODT, these determinants were similar with the addition of admission at a 
comprehensive stroke center (OR 1.25, 95% CI 1.08-1.44).
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TABLE 3 Effect of patient- and clinical factors on onset-to-door time, expressed in odds ratio’s (with 
95th confidence intervals) for different cut-off points.

Onset-to-door time

Univariate analysis Multivariable analysis

Median
(71 min) 

90th percentile
(175 min)

Median*
(71 min)

90th percentile+

(175 min)

Age (years)

<50 0.94
(0.80-1.10)

0.98
(0.73- 1.28)

0.93
(0.80- 1.10)

0.93
(0.69- 1.23)

50-75 Reference

>75 1.40
(1.29- 1.52)^

1.29
(1.12- 1.49) ^

1.38
(1.26- 1.50) ´

1.27
(1.10- 1.47) ´

Female sex 1.23
(1.13- 1.33) ^

1.21
(1.05-1.39) ^

1.16
(1.06-1.26) ´

1.16
(1.01- 1.33) ´

Admission to comprehensive 
stroke center

0.98
(0.90- 1.06)

1.27
(1.10- 1.46) ^

- 1.25
(1.08- 1.44) ´

Admission during off-hours 1.11
(1.02- 1.20) ^

1.21
(1.05- 1.38) ^

1.12
(1.03- 1.21) ´

1.18
(1.03- 1.36) ´

Year of inclusion

2015 1.00
(0.92- 1.08)

1.02
(0.89- 1.17)

- -

2016 Reference

*Adjusted for age, female sex and admission during off-hours. +Adjusted for age, female sex, admission to comprehensive stroke 
center and admission during off-hours. ^P-value below 0.1. ´P-value below 0.05.

Effect of door-to-needle time on in-hospital mortality
Severely extended DNT (i.e. 55 minutes or higher) had a higher odds of in-hospital 
mortality in patients receiving IVT (OR 1.54, 95% CI 1.19-1.89) after adjustment for other 
factors. Other factors increasing the in-hospital mortality rate were age above 75 years 
(OR 3.45, 95% CI 2.86-4.19) and admission to comprehensive stroke center (OR 1.39, 
95% CI 1.56-1.66), as shown in Table 4.
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TABLE 4 Effect of patient and clinical factors on in-hospital mortality.

In-hospital mortality

Univariate analysis Multivariable analysis

OR (95%CI) p-value OR (95% CI) p-value

Age (years)

<50 0.18 (0.06- 0.43) <0.01 0.17 (0.05- 0.41) <0.01

50-75 Reference

>75 3.53 (2.90- 4.31) <0.01 3.45 (2.86- 4.19) <0.01

Female sex 1.33 (1.12- 1.58) <0.01 1.06 (0.89- 1.27) 0.51

Admission to comprehensive 
stroke center

1.32 (1.10- 1.57) <0.01 1.39 (1.56- 1.66) <0.01

Admission during off-hours 1.09 (0.92- 1.29) 0.34 - -

Year of inclusion

2015 0.91 (0.77- 1.08) 0.27 - -

2016 Reference

Onset-to-door time

<180 Reference

>=180 0.88 (0.63- 1.19) 0.42 - -

Door-to-needle time

<55 Reference

>= 55* 1.48 (1.15- 1.88) <0.01 1.54 (1.19- 1.98) <0.01
*Corresponding with the 90th percentile.

DISCUSSION
The present study has identified factors that are associated with a higher DNT in this 
nationwide Dutch registry. Female sex and admission during off-hours were independently 
associated with a DNT above the overall median, which was 26 minutes. Age below 50 
years, admission to a comprehensive stroke center and short ODT (ODT of 40 minutes 
or faster) were independently associated with a severely extended DNT (55 minutes). A 
severely extended DNT was associated with a higher likelihood of in-hospital mortality.

When comparing to international studies, the median door-to-needle time in the 
Netherlands is a lot shorter than in other countries.9-11 In the present study, we showed 
that the median DNT was 27 minutes in 2015 which was reduced to 25 minutes in 2016 
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with a narrowing of the distribution indicating that patients are not only treated faster but 
also with less variability. Multiple explanations can be provided for the already short and 
still decreasing DNT. From 2008, the Dutch Society of Neurology has provided a national 
guideline for acute stroke treatment that urged to implement a high-urgency stroke code, 
including pre-arrival notification by paramedics, written protocols of acute stroke care and 
ensuring availability of imaging modalities before the arrival of the patient.12 At the time 
of the study, the primary imaging modality was computed tomography (CT). This high-
urgency stroke code is known to reduce DNT13-16, and it has been implemented throughout 
the Netherlands. Second, the median DNT for each hospital is made transparent yearly 
to the public, healthcare institute and health care insurers, and is used for benchmarking. 
This has encouraged the local optimization of care to decrease DNT.17-18

One of the strengths of this study is that by using such a large number of patients from a 
nationwide on-going registry, we are able to identify factors to allow for further improvement 
to establish an even shorter DNT. The factors identified in this study associated with 
extended DNT were female sex and admission during off- hours. Earlier studies have 
shown that females have a higher likelihood of extended DNT than men.19 The current 
hypothesis is that women present with different neurological symptoms than men, such 
as pain and altered consciousness, which has a wider differential diagnosis would make 
diagnosis more difficult20, similar to the sex difference in presentation of acute coronary 
syndrome. More research has to be done to explain this sex disparity. Admission during 
off-hours is likely a delaying factor for IVT, implying that the acute stroke service is not as 
prompt during off-hours, similar to which was found in several earlier studies.8,21 This may 
be due to reduced staff or the limited availability of resources. Alternatively, there may 
be an overrepresentation of severely affected patients during off-hours as minor stroke 
patients may decide to wait until the next day. In patients with severely extended DNT, 
age below 50 years and admission to a comprehensive stroke center were independently 
associated factors. In patients below 50 years of age, there could be a higher prevalence 
of stroke mimics making it more time consuming to make the correct diagnosis. 
Comprehensive stroke centers are more prone to receive the more severely affected and 
possibly complicated patients, which therefore could be an explanation for the increased 
likelihood of severely extended DNT whereas it was not associated with extended DNT. 
Another finding was that in patients whose ODT was longer than three hours IVT has been 
administered faster, which makes sense as IVT can otherwise not be given as the time-
window for treatment is up to four and a half hours. Additionally, physicians may take 
more time for diagnosis in patients who present very early after stroke onset. This finding 
is undesirable because, as mentioned earlier, the sooner the patient is treated, the higher 
the odds of a good outcome. Factors associated with an extended ODT were age above 
75 years, female sex and admission during off-hours. We hypothesize that older patients 
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are more often living alone, especially in case of women surviving their male partners, 
and that during off-hours patients are either asleep, are reluctant to seek medical help in 
time or experience barriers in reaching out to medical assistance. In severely extended 
ODT patients, admission to a comprehensive stroke center was an additional factor. We 
hypothesize that when a patient is almost outside the time-window for treatment with IVT 
but could qualify for intra-arterial thrombectomy, they are presented in comprehensive 
stroke centers with a relatively longer ODT due to longer travel time.

In patients with AIS treated with IVT, in-hospital mortality decreased during the 
registry, although this was not statistically significant. Severely extended DNT showed 
to have higher odds of death in these selected patients (OR 1.54), concurrent with the 
understanding that the earlier IVT is administered, the better the outcome. However, an 
alternative explanation could be that the medical status of these patients was so severe that 
it was contemplated whether these patients should receive IVT. ODT had no statistically 
significant effect on in-hospital mortality, but this could be due to the selection of patients 
that arrive at the hospital in time and are therefore eligible for treatment. Another factor 
associated with a higher in-hospital mortality rate was admission to a comprehensive 
stroke center. We believe that this could be explained by the fact that in comprehensive 
stroke centers more patients with more severe strokes will be presented which we could 
not adjust for sufficiently. The NIHSS score, indicating the severity of stroke, was in that 
period not yet registered in the DASA in that period. In more recent years, the NIHSS was 
added to the registry.

There are limitations to this study. Unmeasured clinical factors could explain part of the 
relation between the determinants and odds ratios of (severely) extended DNT. Examples 
of these covariates not included in this study are the NIHSS-score, other medical 
comorbidities (e.g. uncontrolled hypertension) and inpatients versus admitted at the 
emergency room could impact DNT. The NIHSS-score indicating the severity of stroke, 
could not be included as previously mentioned. Other research has shown that patients 
with a lower NIHSS score have a higher DNT.22 Before 2017, the NIHSS score was only 
registered as part of trials, not on a national level and therefore was not registered in the 
DASA at that time. We do believe that admission at a comprehensive stroke center could 
be used as a proxy as patients with more severe strokes are more likely to be admitted 
to a comprehensive stroke center so that we will have captured part of the effect related 
to the severity of stroke. However, in the absence of the NIHSS score, we could not verify 
this.

141343-kuhrij-layout.indd   50141343-kuhrij-layout.indd   50 20/04/2020   10:5220/04/2020   10:52



51

Determinants of extended door-to-needle time

CONCLUSION
This Dutch comprehensive stroke audit with real-world data has identified factors that are 
independently associated with a (severely) extended DNT. Considering that a reduction of 
time to treatment increases good outcome, these factors are necessary to identify. Female 
patients and patients admitted during off-hours have higher odds for a DNT above the 
median, i.e. 26 minutes. Young patients and those admitted to a comprehensive stroke 
center are more likely to have a DNT above the 90th percentile, i.e. 55 minutes, and appear 
to have a higher in-hospital mortality rate. Having identified these factors and established 
its effect on in-hospital mortality, further reduction of the DNT can be established by 
creating awareness and focusing on these patient subgroups.
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ABSTRACT
Introduction Hospitals and providers receive feedback information on how their 
performance compares with others, often using funnel plots to detect outliers. These 
funnel plots typically use binary outcomes, and continuous variables are dichotomized to 
fit this format. However, information is lost using a binary measure, which is only sensitive 
to detect differences in higher values (the tail) rather than the entire distribution. This 
study therefore aims to investigate whether different outlier hospitals are identified when 
using a funnel plot for a binary vs a continuous outcome. This is relevant for hospitals with 
suboptimal performance to decide whether performance can be improved by targeting 
processes for all patients or a subgroup with higher values.

Methods We examined the door-to-needle time (DNT) of all (6080) patients with acute 
ischemic stroke treated with intravenous thrombolysis in 65 hospitals in 2017, registered 
in the Dutch Acute Stroke Audit. We compared outlier hospitals in two funnel plots: the 
median DNT versus the proportion of patients with substantially delayed DNT (above the 
90th percentile (P90)), whether these were the same or different hospitals. Two sensitivity 
analyses were performed using the proportion above the median and a continuous P90 
funnel plot.

Results The median DNT was 24 min and P90 was 50 min. In the binary funnel plot for 
the proportion of patients above P90, 58 hospitals had average performance, whereas in 
the funnel plot around the median 14 of these hospitals had significantly higher median 
DNT (24%). These hospitals can likely improve their DNT by focusing on care processes 
for all patients, not shown by the binary outcome funnel plot. Similar results were shown 
in sensitivity analyses.

Conclusion Using funnel plots for continuous versus binary outcomes identify different 
outlier hospitals, which may enhance hospital feedback to direct more targeted 
improvement initiatives.
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INTRODUCTION
Hospitals and providers receive feedback on the quality of care delivered in many ways, 
for example, in feedback from patients on their experiences and in how the outcomes and 
care processes for these patients relate to those achieved in other hospitals. Hospitals and 
providers typically use such feedback information to see which processes and outcomes 
need to be improved and try to identify which patient groups should be targeted for these 
quality improvement initiatives.

Funnel plots are often used in feedback information to identify outliers, either comparing 
the performance across hospitals or providers to identify those with significantly better 
or worse performance.1,2 Based on their position in the funnel plot, particularly when 
indicating significantly worse performance, hospitals or providers search for explanations 
on how and where to improve care. Historically, these funnel plots were typically applied 
for binary outcomes, such as mortality or complication rates after surgery, usually 
with case-mix adjustment for fair comparison.3 Hereafter, perhaps because of the 
familiarity with this type of funnel plots, continuous outcomes were often converted to 
binary outcomes according to a norm or performance threshold rather than using the 
continuous values. An example of a quality indicator that is dichotomized is the door-
to-needle time (DNT) in patients who had acute cerebral ischemic stroke (AIS), where 
the Stroke Early Management Guidelines by the American Hearts Association/American 
Stroke Association stated that at least 50% of all patients need to have a DNT of 60 min 
or less.4 Another example where funnel plots are used to compare hospitals is the DNT in 
patients with acute myocardial infarction treated with thrombolysis using a cut-off point 
of 30 min.5

However, by using cut-off points for continuous variables to create a binary outcome, 
important information is lost as only the tail of the distribution in the study population 
is investigated (ie, patients with higher values), rather than the entire distribution. This 
missing information could help a hospital to answer the question whether their average 
performance can be improved by improving a little for all patients, that is, focusing on 
processes of care affecting all patients or to focus on a subpopulation of patients with 
higher values and target care processes particularly relevant for these patients. For 
instance, in time to treatment, delay could be taking place in the entire population, implying 
that all patients are experiencing some form of delay. However, such a hospital does not 
have to be an outlier in a funnel plot with time to treatment dichotomized as a binary 
outcome, as this funnel plot is sensitive to detect whether a hospital has significantly more 
patients with long delays (the tail of the distribution). However, if average performance 
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is suboptimal because in fact only a small group of patients experience long delays, 
this will be detected in a funnel plot on binary outcomes and enable such a hospital to 
initiate improvement initiatives for this group specifically. Currently, it is not possible to 
differentiate between these two situations as this would require a different type of funnel 
plot, sensitive to detect differences in the entire distribution.

The aim of this study is to investigate whether different hospitals would be identified as 
outliers when using two different funnel plots: a funnel plot for a binary outcome and one 
with a continuous outcome. This is illustrated using DNT in patients who had AIS treated 
with intravenous thrombolysis (IVT) in the Netherlands as an example, using data from 
the nationwide Dutch Acute Stroke Audit (DASA).6 Given the short median DNT in the 
Netherlands compared with other countries,7,8 one could argue that further improvements 
are most efficiently achieved by reducing the DNT for patients with substantial delays and 
that hospitals with many of those patients will be the same hospitals as those with high 
median DNT.

METHODS

Data source and patient selection
All patients with AIS treated with IVT in 2017 in the Netherlands and registered in the 
DASA were included. The DASA is a nationwide, registry-based, prospective clinical 
audit in which data are collected from patients with AIS and hemorrhagic stroke since 
2014.6 The DASA is managed by the Dutch Society of Neurology, a nationwide professional 
organization for neurologists, and facilitated by the Dutch Institute for Clinical Auditing 
(DICA). It uses indicators to measure quality of care and provides a national benchmark 
including DNT.

The median DNT is an important and widely acknowledged indicator of quality of care 
and used in auditing and hospital performance comparisons in the Netherlands8 as 
well as in many other countries.9 The DNT is desired to be as short as possible as the 
effect of IVT is strongly time dependent.10 However, there are a few contraindications 
to IVT, some of which are reversible and need to be treated before IVT is administered, 
such as hypertension, emergent medical conditions (for instance seizures or respiratory 
insufficiency) or inability to determine time of onset of symptoms from the patient. 
Therefore, a delay in DNT is sometimes unavoidable in a small group of patients to 
provide good stroke care, for instance to take time to lower the blood pressure in case of 
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hypertension or to contact next of kin to make a better estimation of time of onset.11 12 This 
may be among the explanations for a hospital having a higher median DNT, if they have a 
high proportion of patients with substantial delays.

Definitions
DNT was defined as the difference between door time and needle time in minutes. The 
door time was defined as the time of presentation at the emergency room with a stroke. 
In case the patient was already admitted to the hospital (i.e., in-hospital stroke), the 
time of examination by the neurologist was used as the door time. Whether the patient 
experienced an in-hospital stroke is not registered separately in the DASA, so the data 
only include the door time without specifying whether the stroke occurred in hospital or 
in the community. Needle time was defined as the time when the (bolus of) IVT was given. 
Provided that the number of patients with unknown DNT was below 5% of all patients, 
these patients were excluded from analysis. A substantial delay in DNT was defined as a 
DNT higher than the 90th percentile, which was 50 min.

Other variables used to characterize differences in hospitals or patients with or without 
delayed DNT were: age, sex, National Institutes of Health Stroke Scale (NIHSS) score (a 
measure for the severity of stroke ranging from 0 to 42 with higher scores indicating more 
impairment for the patient), admission during off-hours and admission at a comprehensive 
stroke center. Admission during off-hours was defined as admission outside office hours 
from Monday to Friday, that is, between 18:00 and 08:00 hours, or on Saturday or Sunday. 
A comprehensive stroke center was defined as a hospital that is certified to perform intra-
arterial thrombectomy.

Statistical analysis
Baseline patient characteristics (age, sex, NIHSS score, admission during off-hours 
and admission at a comprehensive stroke center) were compared for patients above 
and below the 90th percentile, using χ2 tests for categorical variables and the t-test for 
continuous variables. Continuous values were expressed as mean with SD and nominal 
variables as count and percentages. Time intervals as well as the NIHSS score were not 
normally distributed and therefore summarized by median and corresponding IQRs. The 
Kruskal-Wallis test was used to test for differences between groups in these variables.

Next, two types of funnel plots were created with 95% control limits, with hospitals outside 
these limits performing statistically significantly different from the nationwide value 
(outliers, indicating special cause variation). The first funnel plot is created for the binary 
outcome, the proportion of patients for each hospital with a DNT above the 90th percentile 
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(50 min). This funnel plot demonstrates whether hospitals have higher, similar or lower 
proportion of patients with a substantial delay (i.e., the tail of the distribution) compared 
with the nationwide proportion. The second funnel plot is created for the continuous 
outcome, comparing the median DNT of each hospital to the nationwide median DNT 
(24 min). This funnel plot typically detects whether the entire distribution is different and 
potentially shifted, in other words whether DNT is higher for all patients with AIS for whom 
IVT is indicated. The choice for this combination of funnel plots was based on hospitals 
already being familiar with the binary funnel plots and its interpretation, with the 90th 
percentile reflecting patients with substantially delayed DNT likely to complement the 
information from the median DNT, which is also a familiar statistic for most professionals 
in stroke care.

In both funnel plots, hospitals above the upper control limit with worse performance are 
colored red. Hospitals below the lower control limit with better performance are colored 
blue. Hospitals between control limits are colored grey. Formulas used to calculate the 
funnel plots are shown in Supplement 1. To combine both funnel plots in evaluating the 
performance for each hospital and to show the added value of the novel funnel plot for 
continuous outcomes, hospitals are colored given their position in the funnel plot around 
the median and visualized in that color in the funnel plot for the proportion of patients with 
a substantially delayed DNT.

In addition, each hospital was classified as below the lower control limit, within control 
limits or above the upper control limit for both funnel plots to assess the extent to which 
hospitals are classified differently depending on the type of funnel plot. For hospitals 
with a significantly higher median DNT, we compared characteristics of patients treated 
in hospitals that also had a significantly higher proportion of patients with substantially 
delayed DNT with patients treated in hospitals having a similar proportion of these 
patients than the nationwide average.

Last, we performed two sensitivity analyses. In the first sensitivity analysis, rather than 
using the extreme tail of the distribution for the 90th percentile to create the binary 
outcome, we created a binary outcome funnel plot for the proportion of patients with a 
DNT higher than the median to be compared with the continuous outcome funnel plot 
around the median. Given that the median is now used in both funnel plots, comparing 
a continuous measure containing more information (and thus more power) with a binary 
measure, this analysis shows how creating binary outcomes affects hospitals being 
identified as outliers. In the second sensitivity analysis, we compared two continuous 
outcome funnel plots, one around the median with one around the 90th percentile DNT. 
Given that both funnel plots use continuous outcomes, containing most information, 
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this analysis shows how different hospitals may be identified as outliers depending on 
which part of the distribution of DNT is different (the tail or entire distribution) without 
the possibility that part of the difference is being caused by using a binary versus a 
continuous outcome.

R studio version 3.4.3 was used for statistical analysis.

RESULTS
In 2017, 6185 patients with AIS from 65 different hospitals were treated with IVT. One 
hundred and five patients (1.7%) were excluded due to missing DNT time. Therefore, 6080 
patients were included for analysis. The nationwide median DNT of all patients was 24 min. 
The nationwide 90th percentile of DNT, that is, the patients that had a substantial delay to 
IVT, was 50 min. The distribution of DNT for all Dutch patients is shown in Figure 1.
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FIGURE 1 Density plot of door-to-needle time (DNT). The nationwide median DNT is shown as a 
dashed line and the 90th percentile of DNT as a dotted line.
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The baseline characteristics for all patients are shown in Table 1. The mean age was 
71 years, and 46% was female. The median NIHSS score was 5 (IQR 3–9). In patients 
with a DNT above the 90th percentile, the median NIHSS score was 4 (IQR 2–8). This is 
significantly lower than the median of 5 in patients with a DNT below the 90th percentile 
(p < 0.001), although the difference of 1 point in NIHSS score is not clinically relevant. 
Thirty-five per cent of the patients had an unknown NIHSS. It is difficult to assess whether 
these are missing at random, particularly since there were significantly more unknown 
NIHSS scores in patients with a DNT above the 90th percentile (p = 0.01). Forty-nine per 
cent of patients were admitted during off-hours. Forty-one per cent (2502 patients) were 
admitted to one of the 18 comprehensive stroke centers in the Netherlands.

TABLE 1 Baseline characteristics for all patients and differences between patients with and without 
a substantially delayed DNT indicated by the 90th percentile.

Total no of 
patients
n = 6080

Patients with DNT
£ 90th percentile

n = 5478

Patients with DNT
> 90th percentile

n = 602 p-value

Mean age in years (SD) 71 (13) 71 (13) 71 (14) 0.46

Female sex (%) 46 % 46 % 49 % 0.19

Median NIHSS* score (IQR) 5 (3-9) 5 (3-10) 4 (2-8) < 0.001

Unknown NIHSS score (%) 35 % 35 % 40 % 0.01

Admission during off-hours (%) 49 % 49 % 48 % 0.46

Admission at a comprehensive 
stroke center (%)

41 % 41 % 43 % 0.30

P-value represents statistical difference between dichotomized groups. *National Institutes of Health Stroke Scale (NIHSS) score.

In Figure 2A, hospitals are evaluated based on their median DNT in a funnel plot. 
Seventeen hospitals had a median DNT above the upper control limit and therefore a 
longer DNT than the nationwide median of 24 min. In these 17 hospitals, 1362 patients 
(22%) were treated. Thirteen hospitals had a shorter median DNT, treating 1605 patients 
(26%). As shown in Figure 2B, four hospitals had a significantly higher proportion of 
patients with a substantially delayed DNT. Seven hospitals had a lower proportion of 
patients with a substantially delayed DNT, of which four hospitals did not have any 
patients with a substantially delayed DNT.
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FIGURE 2 (A) The median DNT for each hospital and the number of patients treated at each hospital 
is shown. Each diamond represents one hospital. (B) The proportion of patients with a substantially 
delayed DNT (indicated by the 90th percentile) and the number of patients treated at each hospital 
is shown. Each diamond represents one hospital. The black lines are the 95% control limits. The 
red diamonds are hospitals with statistically significantly longer median DNT than the nationwide 
median. The grey diamonds are hospitals with a similar median DNT. The blue diamonds are 
hospitals with a statistically significantly shorter median DNT than the nationwide median.

In the same figure, it is shown by the colors how the hospitals distribute when looking at 
substantial delay in DNT given their status on the median DNT. Table 2 also shows this 
distribution. Out of the 13 hospitals with a shorter median DNT, three hospitals had no 
patients with a substantially delayed DNT. The remaining 10 hospitals had a proportion of 
patients with a substantial delay similar to the nationwide average. Out of the 17 hospitals 
with a significantly longer median DNT, 14 hospitals had a proportion of patients with 
a substantial delay similar to the nationwide average. The remaining three hospitals, 
which treated 245 patients, also had a higher proportion of patients with a substantially 
delayed DNT. Two of these three hospitals were comprehensive stroke centers. Among 
the patients treated in these three hospitals, the median NIHSS was higher (7 vs 5), 
patients were younger (68 vs 71 years) and more often female (53% vs 43%) than in the 14 
hospitals having a higher median DNT combined with a similar proportion of substantially 
delayed patients with similar rate of admission during off-hours (51% vs 50%).
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TABLE 2 Distribution of hospitals in funnel plot around the median DNT versus the funnel plot with 
the proportion of patients with a DNT above the 90th percentile.

Position of hospital in funnel plot around the median DNT
(no of hospitals)

Below lower 
control limit

Between 
control limits

Above upper 
control limit Total

Position of hospital 
in funnel plot with 
proportion above 
90th percentile 
(no of hospitals)

Below lower 
control limit

3 4 0 7

Between 
control limits

10 30 14 58

Above upper 
control limit

0 1 3 4

Total 13 35 17 65

Had the performance been evaluated looking at the proportion of patients with 
substantially delayed DNT, 58 hospitals would have considered to have no need 
for improvement, whereas in fact 14 (24%) of those had a significantly longer median 
DNT than the nationwide median. The combination of the two funnel plots thus gives 
complementary information and gives direction which patients should be targeted for 
initiatives to improve DNT, as summarized in Table 3.

TABLE 3 Summary of complementary information given by the combination of funnel plots and how 
this might be used to inform quality improvement strategies.

Position of hospital in funnel plot around the median DNT

Within control limits Above upper control limit

Position 
of hospital 
in funnel 
plot with 
proportion 
above 90th 
percentile

Within 
control 
limits

No immediate 
actions needed.

Performance on DNT might be improved by 
targeting processes affecting all patients.

Above 
upper 
control 
limit

Performance on DNT 
might be improved 
by investigating 
which factors are 
causing delays in 
the subpopulation of 
patients with substantial 
delay. This might result 
in further reduction 
of median DNT.

Improvement strategy depends on whether the shape 
of the DNT distribution is: 1) similar as nationwide or 
2) skewed and stretched towards substantial delays. 
The first suggests the entire distribution may have 
shifted to higher values, and that improvement on 
DNT might be obtained by targeting processes of all 
patients. The second suggests that the subpopulation 
of patients with substantial delay may be causing 
the higher median, and that these patients should 
be targeted to examine which factors might be 
causing the delay to improve performance on DNT.
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Comparing the funnel plots for median DNT and the proportion of patients with a DNT 
above the median illustrates that fewer hospitals are identified with worse performance 
when using a funnel plot for a binary outcome (Figure 3). Out of the 17 hospitals with 
a significantly higher median DNT, only eight hospitals also had a higher proportion of 
patients with a DNT above the median (Table 4). Out of the 13 hospitals with a lower 
median DNT, eight hospitals also had lower proportion of patients with a DNT above the 
median. If the performance had solely been evaluated based on the binary outcome, then 
47 hospitals would have considered no need for improvement given a similar proportion 
of patients above the median, whereas in fact nine (19%) of these hospitals had a median 
DNT significantly worse than the nationwide median. By creating a binary outcome 
funnel plot, fewer hospitals are thus identified as outliers either with better or with worse 
performance.
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FIGURE 3 (A) The median DNT for each hospital and the number of patients treated at each hospital 
is shown. Each diamond represents one hospital. (B) The proportion of patients with a DNT above 
the median and the number of patients treated at each hospital is shown. Each diamond represents 
one hospital. The black lines are the 95% control limits. The red diamonds are hospitals with 
statistically significantly longer median DNT than the nationwide median. The grey diamonds are 
hospitals with a similar median DNT. The blue diamonds are hospitals with a statistically significantly 
shorter median DNT than the nationwide median.
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TABLE 4 Distribution of hospitals in funnel plot around the median DNT versus the funnel plot with 
the proportion of patients with a DNT above the median.

Position of hospital in funnel plot around the median DNT
(no of hospitals)

Below lower 
control limit

Between 
control limits

Above upper 
control limit Total

Position of hospital 
in funnel plot with 
proportion above 
the median DNT 
(no of hospitals)

Below lower 
control limit

8 2 0 10

Between 
control limits

5 33 9 47

Above upper 
control limit

0 0 8 8

Total 13 35 17 65
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FIGURE 4 (A) The median DNT for each hospital and the number of patients treated at each hospital 
is shown. Each diamond represents one hospital. (B) The 90th percentile of the DNT for each hospital 
and the number of patients treated at each hospital is shown. Each diamond represents one 
hospital. The black lines are the 95% control limits. The red diamonds are hospitals with statistically 
significantly longer median DNT than the nationwide median. The grey diamonds are hospitals 
with a similar median DNT. The blue diamonds are hospitals with a statistically significantly shorter 
median DNT than the nationwide median.
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Additionally, comparing two funnel plots with a continuous outcome, similar results are 
shown as in our baseline analysis except that two rather than three of the hospitals with 
significantly higher median DNT also had a higher 90th percentile DNT (Figure 4).

DISCUSSION
This study has shown that the commonly used funnel plot for a binary outcome identifies 
different hospitals as having worse performance than using a funnel plot for a continuous 
outcome. In the example used in this study, most hospitals with a significantly longer 
median DNT did not have a higher proportion of patients with substantially delayed DNT. 
And the other way around, 14 out of 58 hospitals with a similar proportion of patients with 
substantially delayed DNT have a significantly longer DNT than the nationwide median 
and thus potentially in scope for further improvement. Both funnel plots provide different 
information and are important for hospitals to identify where to target improvement 
initiatives. Dependent on the position in the funnel plots, this might involve the 
improvement of processes for all patients or the investigation of the group of patients with 
substantially delayed DNT on possible explanatory factors and need for improvement in 
care processes relevant for this subgroup.

The idea of improvement needed for the entire population or a specific group with higher 
values at the tail of the distribution is not new. In the context of prevention strategies, 
it has been described as the prevention paradox: shifting the entire distribution a little 
versus targeting only high-risk patients. Shifting the entire distribution, the effect for the 
individual is small but is significant for the entire population, whereas targeting high-risk 
patients only will result in large benefits for the individuals but potentially small population 
effects.13 Findings in other studies include for instance the beneficial effect of statins on 
risk of ischemic heart disease and/or stroke in patients with high cholesterol.14

In our example of patients with AIS, a small effect for the individual could be important, as 
the effect of IVT is time dependent and the patient should be treated as soon as possible 
after stroke onset to increase the odds of a good outcome. In practice, however, many 
patients are still too late to be eligible for reperfusion therapy such as IVT. By reducing 
DNT further if only by a small amount given the low nationwide median, more patients 
could be eligible for IVT, which might increase thrombolysis rates and thus very relevant 
information for hospitals as feedback. However, an unintended consequence of reducing 
the DNT further can be that more ‘stroke mimics’, which are non-vascular disorders with 
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symptoms resembling stroke, are treated with IVT.15 Given that multiple studies have 
shown IVT treatment to be safe for patients with stroke mimics, this does not have to 
interfere with administering IVT as soon as possible.16,17

Therefore, the aim should be to reduce the DNT as much as possible. To achieve this, it 
is important for hospitals to get feedback on their median DNT being significantly worse 
to inform them that they may be able to improve the general processes for all patients, 
even though they do not have a high percentage of patients with substantially delayed 
DNT. Similarly, if a hospital is not an outlier on the median DNT but has significantly 
more patients with substantially delayed DNT, this information may direct a hospital to 
investigate those patients with substantially delayed DNT on potential explanatory factors 
and whether there are aspects that can be improved for these patients. Some patients 
have justified substantial delay due to reversible contraindications that should be taken 
into account when evaluating quality of care by the duration of the DNT. In this study, 
we assumed that patients with a substantial delay are those with a DNT above the 90th 
percentile, which is 50 minutes and thus closer to the 60 minutes used in international 
guidelines,4 but other cut-off points could be argued (for instance the 75th percentile). 
Additionally, we performed two sensitivity analyses. In the first sensitivity analysis, we 
used the proportion around the median, which showed that fewer hospitals would be 
identified as outlier when dichotomizing a continuous variable, showing the higher power 
for the funnel plot with a continuous outcome to detect outliers. In the second sensitivity 
analysis, we used continuous outcomes for both funnel plots showing similar results as in 
the baseline analysis. The slight difference might be caused by the continuous funnel plot 
for the 90th percentile having low power, as it is more difficult to precisely estimate such 
an extreme percentile. We therefore advise to use the combination of a funnel plot around 
the median with a funnel plot for the proportion of patients above the 90th percentile, to 
be used as complementary information for giving feedback on performance in clinical 
practice.

AIS was used as an example in the present study, but similar funnel plots could be 
applied to evaluate performance on quality of care for other patients. Other common 
process measures involving time to treatment are waiting time from index event to carotid 
intervention in patients with symptomatic carotid stenosis, for which the norm is set at 
treatment within 14 days,18 and time between diagnosis and treatment of patients with 
cancer, for which a maximum of five weeks is set in the Netherlands.19 For both examples, 
earlier treatment could be beneficial, and targeting the whole distribution instead of using 
a cut-off value could substantially reduce time to treatment. This is also applicable to other 
process measures than time to treatment, such as glycated hemoglobin (HbA1c) level in 
diabetes care. Given that the median HbA1c is often reported as a performance measure, 
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while quality initiatives are evaluated as percentage of patients achieving the target level, 
this might also have potential to direct quality improvement initiatives, especially as large 
variation between centers has been described.20,21

CONCLUSION
To provide more comprehensive feedback to hospitals concerning their performance 
on time to treatment, both types of funnel plots give additional information on whether 
performance should be improved for processes involving all patients or that patients at 
the extreme of the distribution, in this case patients with a substantial delay, should be 
investigated for potential explanatory factors to enable tailored improvement initiatives 
there. Using patients with AIS treated with IVT as an example, we showed that hospitals 
with high median DNT and hospitals with high proportions of patients with substantially 
delayed DNT are not necessarily the same. It could provide important additional 
information to hospitals that their median DNT was worse even without having more 
patients with substantially delayed DNT, which was the case for up to a quarter of the 
hospitals. This could give them the opportunities to improve further, even with the overall 
median DNT already being low in the Netherlands.
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SUPPLEMENT 1
Permutation tests for funnel plots of door-to-needle time.

Preliminaries

library(foreign)
data = read.csv(file.choose(), sep = “;”)
data = data[!is.na(data$ DNT) & !is.na(data$ id),]
data$id = factor(data$ id)
set.seed (123)
DNT = data[,2]
m = median(DNT,na.rm=TRUE)
n = table(data[,1])

Door-to-needle time (DNT) has a skewed distribution, as shown in histogram below.

hist (DNT,1000)
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Funnel for exceeding the median
The median door-to-needle time is 24 minutes. We define a binary indicator as DNT > 24, 
and make a standard funnel plot.

O = unlist(tapply(DNT > 24, data[,1], sum))
p0 = mean(DNT > 24)
n = as.vector (n)
E = n*p0
plot(n, O/n, ylim = c(0,1), bty = “l”, ylab = ‘Observed proportion’, xlab = ‘Number of patients’, abline(h=p0))
nn = seq(0,1.1*max(n), max(n)/100)
L = (sqrt(nn*p0) – 1.96/2)^2/nn
L = pmax(0,L)
U = (sqrt(nn*p0) + 1.96/2)^2/nn
lines(nn, L, col = ‘red’)
lines(nn, U, col = ‘red’)
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Funnel for exceeding the 90% percentile
The 90th percentile of the DNT is 50 minutes. We define a binary indicator as DNT > 50, 
and make a standard funnel plot.
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O = unlist(tapply(DNT > 50, data[,1], sum))
p0 = mean(DNT > 50)
n = as.vector (n)
E = n*p0
plot(n, O/n, ylim = c(0,1), bty = “l”, ylab = ‘Observed proportion’, xlab = ‘Number of patients’, abline(h=p0))
nn = seq(0,1.1*max(n), max(n)/100)
L = (sqrt(nn*p0) – 1.96/2)^2/nn
L = pmax(0,L)
U = (sqrt(nn*p0) + 1.96/2)^2/nn
lines(nn, L, col = ‘red’)
lines(nn, U, col = ‘red’)
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Funnel around the median
For varying numbers of patients, we compute the distribution of the median DNT by 
repeated random sampling from all available DNTs (B=10,000). We display the 2.5 and 
97.5 percentiles of this distribution as control limits in the funnel plot. By checking if the 
median DNT of a particular hospital falls outside the control limits, we can test if there is 
significant deviation from the overall (nationwide) performance.
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observed = unlist(tapply(data[,2 ], data[,1 ], median)) # observed medians
N = max(n)
nn = c(seq(2, 10, 2), seq(12,N, 10))
perm.id = rep(1:length(nn), nn)
perm.observed=NULL
for (i in 1:10^4 ){
ind = unlist(mapply(sample, nn, x=nrow(data)))
perm = data[ind,2 ] # permute the data
  perm.observed = rbind(perm.observed, tapply(perm, perm.id, median))
}
L = apply(perm.observed,2 ,quantile,0.025 )
U = apply(perm.observed,2 ,quantile,0.975 )
plot (n, observed, bty=”l”, xlab = “Number of patients’, ylab = “Median DNT (in minutes)’)
abline (h = m)
Usmooth = -isoreg(nn, -U)$yf
Lsmooth = isoreg(nn, L)$yf
lines(nn, ceiling(Usmooth), type = “s”, col = “red”)
lines(nn, floor(Lsmooth), type = “s”, col = “red”)

Note that in both funnel plots no adjustment for case mix factors is required for 
performance evaluation.
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Check
If the DNTs at a particular hospital do not deviate from the overall (nationwide) performance, 
there should be 5% chance of falling outside the funnel plot around the median that we 
have constructed. We have checked this by randomly permuting the center identifiers 
(thus removing any center effects) and then re-plotting the median DNTs. As expected, 
we find that that now most (but not all) hospitals fall inside the funnel plot.

data[,1] =  data[sample(nrow(data)),  1]
observed =  unlist(tapply(data[,2], data[,1], median))
n = table(data[,1])
n = as.vector(n)
N= max(n)
nn = c(seq(2, 10, 2), seq(12, N, 10))
perm.id = rep(1:length(nn), nn)
perm.observed = NULL
for (i in 1:10^4) {
 ind = unlist(mapply(sample, nn, x=nrow(data)))
 perm = d[ind, 2]
 perm.observed=rbind(perm.observed, tapply(perm, perm.id, median))
}
L = apply(perm.observed, 2, quantile, 0.025)
U = apply(perm.observed, 2, quantile, 0.975)
plot (n,observed, xlab=”Number of patients”, ylab = “Median DNT (in minutes)”)
abline (h=m)
Usmooth = -isoreg(nn, -U)$yf
Lsmooth = isoreg(nn, L)$yf
lines(nn, ceiling(Usmooth), type =”s”, col = “red”)
lines(nn, floor(Lsmooth), type =”s”, col = “red”)
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Funnel around the 90th percentile
Similar to the funnel plot around the median, we compute the distribution of the 90th 
percentile DNT by repeated random sampling from all available DNTs (B=10,000). We 
display the 2.5 and 97.5 percentiles of this distribution as control limits in the funnel plot.
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P90 = function(x){
quantile(x,0.9)}
m = quantile(data[,2], 0.90)
observed=unlist(tapply(data[,2], data[,1], P90)) # observed medians
N=max(n)
nn=c(seq(2,10,2),seq(12,N,10))
perm.id =rep(1:length(nn),nn)
perm.observed=NULL
for (i in 1:10^4){
ind=unlist(mapply(sample, nn, x=nrow(data)))
perm=data[ind,2] # permute the data
perm.observed=rbind(perm.observed,tapply(perm, perm.id, P90))
}
L=apply(perm.observed,2,quantile,0.025)
U=apply(perm.observed,2,quantile,0.975)
plot(n, observed, bty=”l”, xlab = ‘Number of patients’, ylab = ‘90% percentile DNT’)
abline(h = m)
Usmooth = -isoreg(nn, -U)$yf 
Lsmooth= isoreg(nn, L)$yf
lines(nn, ceiling(Usmooth), type = ‘s’, col = ‘red’)
lines(nn, floor(Lsmooth), type = ‘s’, col = ‘red’)
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Session information

sessionInfo()

## R version 3.4.3 (2017-11-30)
## Platform: x86_64-apple-darwin15.6.0 (64-bit)
## Running under: macOS Sierra 10.12.6
## Matrix products: default
## locale:
## [1] nl_NL.UTF-8/nl_NL.UTF-8/nl_NL.UTF-8/C/nl_NL.UTF-8/nl_NL.UTF-8
##attached base packages:
## [1] stats     graphics  grDevices utils     datasets  methods   base
## other attached packages:
##  [1] cowplot_0.9.4   car_2.1-6       forcats_0.2.0   stringr_1.2.0   purrr_0.2.4     readr_1.1.1     tidyr_0.7.2
##  [8] tibble_2.0.1    tidyverse_1.2.1 lubridate_1.7.3 sjPlot_2.6.2    ggplot2_2.2.1   dplyr_0.8.0.1
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ABSTRACT
Background The Dutch Audit for Carotid Interventions (DACI) registers all patients 
undergoing interventions for carotid artery stenosis in the Netherlands. This study 
describes the design of the DACI and the results of patients with a symptomatic stenosis 
undergoing carotid endarterectomy (CEA). It aimed to evaluate variation between 
hospitals in process of care and (adjusted) outcomes, as well as predictors of major 
stroke/death after CEA.

Methods All patients with a symptomatic stenosis, who underwent CEA and were 
registered in the DACI between 2014 and 2016 were included in this cohort. Descriptive 
analyses of patient characteristics, process of care, and outcomes were performed. 
Case-mix adjusted hospital procedural outcomes as (30 day/in hospital) mortality, stroke/
death, and major stroke/death, were compared with the national mean. A multivariable 
logistic regression model (backward elimination at p > 0.10) was used to identify predictors 
of major stroke/death.

Results A total of 6459 patients, registered by 52 hospitals, were included. The majority 
(4,832, 75%) were treated < 2 weeks after their first hospital consultation, varying from 
40% to 93% between hospitals. Mortality, stroke/death, and major stroke/death were, 
respectively, 1.1%, 3.6%, and 1.8%. Adjusted major stroke/death rates for hospital 
comparison varied between 0 and 6.5%. Nine hospitals performed significantly better, 
none performed significantly worse. Predictors of major stroke/death were sex, age, 
pulmonary disease, presenting neurological symptoms, and peri-operative shunt.

Conclusion CEA in the Netherlands is associated with an overall low mortality and 
(major) stroke/death rate. Whereas the indicator time to intervention varied between 
hospitals, mortality and (major) stroke/death were not significantly distinctive enough to 
identify worse practices and therefore were unsuitable for hospital comparison in the 
Dutch setting. Additionally, predictors of major stroke/death at population level could be 
identified.
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INTRODUCTION
In patients with a recent transient ischemic attack (TIA) or ischemic stroke in the presence 
of a high grade ipsilateral carotid artery stenosis, recurrent stroke can be best prevented 
by carotid endarterectomy (CEA).1 Optimal care for patients undergoing carotid artery 
surgery is summarized in guidelines, based on large randomized controlled trials.1-4 
However, actual daily practice is not always consistent with these guidelines, allowing 
practice and patient outcomes to vary between healthcare providers.5 This variation 
could indicate a difference in the quality of care at a national level.

The increasing demand for quality control methods and the introduction of a minimum 
threshold on hospital volume of 20 CEA per year in the Netherlands has led to the initiation 
of the Dutch Audit for Carotid Interventions (DACI).6 This nationwide audit was initiated in 
2012 and since June 2013 has been mandatory for all vascular surgeons performing carotid 
artery interventions. The main objective of this audit was to measure and improve the 
quality of care in carotid artery interventions in The Netherlands. By registering important 
parameters on process of care and patient outcomes, a comparison of hospitals can be 
made and surgeons can be provided with benchmarked information on their quality of 
care. Providing insight into possible variation between hospitals can subsequently incite 
quality improvement. Additionally, information from the DACI can be used to monitor 
national guideline adherence and outcomes in patients undergoing carotid interventions.

This report describes the design of the DACI and provides an overview of the results of 
patients with a symptomatic carotid artery stenosis undergoing CEA in the Netherlands in 
the first years of the audit. The aim of this study was to report variation between hospitals 
in processes of care and (adjusted) patient outcome, as well as to identify independent 
predictors of major stroke and/or death related to CEA.

METHODS

DICA
The DACI is facilitated by the Dutch Institute for Clinical Auditing (DICA).6 The DICA 
facilitates and organizes the initiation of nationwide audits for various medical professions 
and offers a uniform format. In collaboration with DICA, the Dutch Society for Vascular 
Surgery initiated the Dutch Audit for Carotid Interventions (DACI). The DACI is overseen 
by a scientific committee, which is responsible for interpretation and accountability of 
the data.
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DACI data source
Since June 2013, the DACI has been mandatory for all vascular surgeons and registers 
all patients undergoing a carotid intervention for a high-grade carotid artery stenosis 
in the Netherlands. This includes CEA with or without patch angioplasty, eversion 
CEA, or carotid artery stenting (CAS). Each registered patient is scored on 77 items, 
grouped into three categories (Supplement 1). The first category includes patient 
characteristics and clinical presentation required to enable an adjusted comparison of 
data between hospitals. The second category includes items regarding the process of 
care and surgical treatment. The post-operative period and patient outcomes (30 day/
in hospital) are registered in the third category. The data are prospectively collected via 
a web-based survey or provided by the hospitals via a batch data file. Hospitals may 
decide who registers the data (e.g. data managers, nurse practitioners, or physicians). 
However, in all participating hospitals the final responsibility for registration of patients 
lies with the physician. The content of the dataset is evaluated on an annual basis and, if 
necessary, alterations are made. Verification of the DACI data was carried out in 2015 by 
a trusted third party. The process of verification was coordinated by an independent data 
verification committee, which consisted of medical experts, a biostatistician, a deputy 
of the Dutch Health Care Inspectorate, and a deputy from the Dutch patient federation. 
Data were verified through a random sample of 15 hospitals, and this will be continuously 
repeated in the future.

Patient selection
All patients undergoing CEA for a symptomatic stenosis and registered in the DACI 
between January 2014 and December 2016 were included. Date of birth, date of surgery, 
type of surgical procedure performed, and patient survival status (30 day/in hospital) 
had to be known to consider a patient eligible for further analysis. In the Netherlands, 
asymptomatic patients usually do not receive surgical intervention outside the confines 
of randomized clinical trials and CAS is not performed as standard primary treatment for 
a symptomatic carotid stenosis, therefore asymptomatic patients and patients treated by 
CAS were excluded. Additionally, patients treated in a hospital that stopped performing 
CEAs during the first year of the study were also excluded.

Definitions
Within the DACI, time to intervention was defined as the time from first consultation at 
the hospital to CEA, instead of the time from first neurological symptoms to intervention, 
because this is the timeframe that hospitals can influence themselves and can improve. 
Post-operative mortality was defined as mortality within 30 days after CEA and/or during 
the primary admission (30 day/in hospital). A postoperative stroke was described as a 
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new neurological deficit 30 day/in hospital, which lasted longer than 24 hours. A stroke 
resulting in a decline of more than 2 points in postoperative modified Rankin Scale (mRS) 
was considered as a major stroke, all others as minor strokes.7-8 The combined outcome 
parameters stroke and/or death (stroke/death) and major stroke and/or death (major 
stroke/death) consisted of the patients who had a (major) stroke and/or death 30 day/in 
hospital. Cranial nerve injury (CNI) was defined as the loss of function of a cranial nerve, 
measured as 30 day/in hospital. Only a postoperative wound hemorrhage that required a 
re-intervention was considered as a postoperative wound hemorrhage.

Analyses
Descriptive analyses for patient characteristics, process of care, and patient outcomes 
were performed. The percentage of patients with a time to intervention of < 2 weeks, 
was calculated per hospital and compared with the national mean in a funnel plot. The 
national mean was derived from this dataset.

Possible associations between patient characteristics and outcomes, as mortality 
and (major) stroke/death were evaluated with a multivariable logistic regression model 
at a p-value of 0.05 using an ENTER model. This analysis was used to adjust hospital 
outcomes for the case-mix of their patients. Patient characteristics included in this 
analysis were based on the V(p)-POSSUM predictive score: sex, age, pulmonary status, 
cardiac status, pre-operative electrocardiogram, pre-operative creatinine level, and 
presenting symptoms.9 A funnel plot with a confidence interval (CI) of 95% around the 
national mean was used to show hospital variation for case-mix adjusted outcomes. 
Hospitals with a significantly lower major stroke/death than the national mean were 
identified as “hospitals with better outcomes” and hospitals with a higher major stroke/
death as “hospitals with worse outcomes”. Hospital and practice related factors were 
compared between hospitals with better outcomes and the other hospitals using chi-
square tests. Finally, to identify risk factors for post-operative major stroke/death, a 
prediction model was formed, using a multivariable logistic regression model at a p-value 
of 0.10 with backward elimination.

For missing data in continuous variables, the mean of each variable was imputed. Missing 
data in continuous variables did not exceed 5% of the total of each variable.
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RESULTS

Patient characteristics
From January 2014 to December 2016, 6861 patients with a carotid artery stenosis 
undergoing carotid intervention were registered by 52 hospitals in the Netherlands. After 
exclusion of asymptomatic patients (274, 4.0%), all patients treated by CAS (122, 1.9%), 
and patients operated on in a hospital that stopped performing CEAs during the study 
period (6, 0.9%), 6459 patients were eligible for analysis and were included in this study. 
The cohort was predominantly male (4479, 69%) and had a mean age of 72.1 years. 
Patient characteristics are shown in Table 1.

Clinical presentation and process of care
The majority of patients presented with cortical symptoms (5,158, 79%) (Table 1). In 
75% (n = 4832) of patients the time to intervention was < 2 weeks after the first hospital 
consultation. Figure 1A shows the hospital comparison of the percentage of patients 
undergoing CEA < 2 weeks after the first consultation. The median time to intervention 
varied between hospitals from 7 to 16 days. A CEA with patch angioplasty was performed 
in the majority of patients (n = 4,958, 77%), followed by eversion CEA (n = 808, 12%) or 
CEA without patch angioplasty (n = 693, 11%) (Table 2). General anesthesia was used in 
94% of patients, in 93% of whom intra-operative neurological monitoring was used. Intra-
operative shunting was used in 20% of patients undergoing CEA, of which 69% were 
carried out with intra-operative neurologic monitoring and 31% without. A small minority 
of 16 patients (0.2%) received no intra-operative neurological monitoring and no shunt, 
while being operated on under general anesthesia.

Clinical outcomes
The 30 day/in hospital post-operative mortality was 1.1% (n = 69) (Table 3). Mortality 
rates differed slightly between surgical procedures, but differences were not significant: 
CEA with patch angioplasty 0.4%, CEA without patch angioplasty 1.6%, or eversion CEA 
0.9% (p = 0.371). Of all patients, 3.2% (n = 206) had a postoperative stroke, of whom 62% 
(n = 127) had a minor stroke and 38% (n = 79) a major stroke. The combined major stroke/
death and any stroke/death rates were 1.8% (n = 115) and 3.6% (n = 235), respectively. 
CNI and postoperative wound hemorrhage were observed in 2.8% (n = 183) and 4.1% (n = 
262) of patients, respectively. A re-intervention was performed in 4.7% (n = 305), of which 
the majority (86%) was for a postoperative wound hemorrhage and in 14% the indication 
was unknown.

141343-kuhrij-layout.indd   88141343-kuhrij-layout.indd   88 20/04/2020   10:5220/04/2020   10:52



89

The Dutch Audit for Carotid Interventions

TABLE 1 Patient and disease characteristics

2014 - 2016

Number of patients 6459

Mean age (years, sd) 72.1 ± 9.3

Sex

Male 4479 (69%)

Female 1980 (31%)

Comorbidity

Malignancy

None 5485 (85%)

Current malignancy 152 (2.4%)

History of malignancy (cured) 822 (13%)

Pulmonary status

No dyspnea 5117 (79%)

Dyspnea during exercise 1079 (17%)

Disabling dyspnea 161 (2.5%)

Dyspnea at rest/fibrosis 34 (0.5%)

Unknown 68 (1.1%)

Cardiac status

None 2155 (33%)

Medication for hypertension 3624 (56%)

Peripheral edema 589 (9.1%)

Raised central venous pressure 71 (1.1%)

Unknown 20 (0.3%)

Pre-operative electrocardiogram (ECG)

No abnormalities 3616 (56%)

Atrial fibrillation 428 (6.6%)

Ischemia 127 (2.0%)

Other abnormalities 2062 (32%)

No pre-operative ECG performed 226 (3.5%)

Pre-operative laboratory results

Mean hemoglobin (mmol/l, sd) 8.6 ± 1.04

Mean sodium (mmol/l, sd) 139 ± 3.00

Mean potassium (mmol/l, sd) 4.2 ± 0.42

Median creatinine (mmol/l) 86
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TABLE 1 Continued

2014 - 2016

Mean pre-operative systolic blood pressure (mmHg, sd) 148 ± 23.0

Mean pre-operative heart rate (beats/min, sd) 74 ± 13.7

Side of carotid artery stenosis

Left 3318 (51%)

Right 3103 (48%)

Unknown 38 (0.6%)

Presenting symptoms

Ocular symptoms 1192 (19%)

Cerebral symptoms 5158 (79%)

Vertebrobasilar or other 109 (1.7%)

Previous CEA

None 6162 (95%)

Yes, ipsilateral 66 (1.0%)

Yes, contralateral 218 (3.4%)

Yes, both sides 13 (0.2%)
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Table 2 Treatment characteristics.

2014 - 2016

Imaging*

Duplex 6311 (98%)

CTA 4237 (66%)

MRA 1313 (20%)

DSA 35 (0.5%)

Referral

Internal / direct 5267 (82%)

Tertiairy/ indirect 1188 (18%)

Unknown 4 (0.1%)

Time to carotid intervention+

< 2 weeks 4832 (75%)

> 2 weeks 1582 (25%)

Unknown 45 (0.7%)

Surgical procedure

CEA without patch 693 (11%)

CEA with patch 4958 (77%)

Eversion CEA 808 (12%)

Anesthesia

Local anesthesia 368 (5.7%)

General anesthesia 6084 (94%)

Unknown 7 (0.1%)

Neurological monitoring

No monitoring 435 (6.7%)

Awake patient 314 (4.9%)

EEG 2822 (44%)

Stump pressure 130 (2.0%)

EEG and TCD 2693 (42%)

Other combinations 65 (1.0%)

Shunting during surgery

No shunting 4629 (72%)

Shunting 1262 (20%)

Unknown 568 (8.8%)

Postoperative medication
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Table 2 Continued

2014 - 2016

Acetylsalicylic acid 2441 (38%)

Statin 5519 (85%)

Dipyridamole 851 (13%)

Coumarin 364 (5.6%)

Clopidogrel 4247 (66%)

Antihypertensive medication 4348 (67%)

New anticoagulants 90 (1.4%)

Heparin^ 5378 (83%)

*In 80% a combination of diagnostic imaging. +Time from first consultation at the hospital to CEA. ^Postoperative use of heparin as 
venous thromboembolism prophylaxis is protocolled.

TABLE 3 Outcomes 30 days postoperatively and/or during admission.

2014 - 2016

Number of patients 6459

Postoperative period

Stroke 206 (3.2%)

Cranial nerve injury 183 (2.8%)

Hemorrhage 262 (4.1%)

Other complication

Other surgical complication 109 (1.7%)

General complication 384 (5.9%)

Other 108 (1.7%)

Re-intervention 305 (4.7%)

Death 69   (1.1%)

Major stroke and/or death 115 (1.8%)

Stroke and/or mortality 235 (3.6%)
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Hospital comparison of outcomes
The multivariable logistic regression analyses for mortality, major stroke/death, and 
stroke/death are shown in Table 4. Pulmonary state (severe dyspnea) and presentation 
with cortical symptoms were found to be significantly associated with all three outcome 
measures. Increasing age and female gender were associated with mortality and major 
stroke/death. Abnormalities on the last pre-operative electrocardiogram were associated 
with stroke/death.

TABLE 4 Patient characteristics predictive for mortality, stroke/mortality, and major stroke/mortality.

Mortality
Odds ratio (95% CI)

Major stroke/
mortality

Odds ratio (95% CI)

Stroke/
mortality

Odds ratio (95% CI)

Age 1.05 (1.02 – 1.08) 1.04 (1.01 – 1.06) 1.01 (0.99 – 1.03)

Sex

Male Reference

Female 1.97 (1.22 – 3.19) 1.59 (1.07 – 2.34) 1.22 (0.92 – 1.62)

Pulmonary state

No dyspnea Reference

Dyspnea 0.53 (0.24 – 1.18) 0.80 (0.47 – 1.37) 1.05 (0.74 – 1.48)

Severe dyspnea 3.98 (1.91 – 8.30) 3.01 (1.57 – 5.80) 2.32 (1.37 – 3.93)

Cardiac state

No abnormalities Reference

Cardiac comorbidities 1.19 (0.68 – 2.09) 1.27 (0.81 – 1.89) 1.28 (0.93 – 1.76)

Last pre-operative ECG

No abnormalities Reference

Abnormalities (AF, 
ischemia and others)

1.40 (0.85 – 2.32) 1.28 (0.87 – 1.89) 1.28 (0.93 – 1.76)

Presenting symptoms

Ocular symptoms Reference

Cortical symptoms 3.07 (1.11 – 8.47) 2.35 (1.18 – 4.66) 2.35 (1.18 – 4.66)

Vertebrobasilar or other 2.32 (0.36 – 21.09) 2.18 (0.46 – 10.25) 2.18 (0.46 – 10.25)

Pre-operative laboratory results

Creatinine* 1.00 (0.99-1.01) 1.00 (0.99 – 1.01)

*Preoperative creatinine level not included in the multivariable logistic regression analysis for mortality because of the limited 
degrees of freedom. 
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Figures 1B-D show the case-mix adjusted outcomes for respectively mortality, major 
stroke/death and any stroke/ death by hospital volume for individual hospitals. The 
case-mix adjusted mortality, major stroke/death, and any stroke/death rates varied, 
respectively, from 0 to 6.5%, 0 to 6.4%, and 0 to 9.6% between hospitals. Five hospitals 
had a significantly lower adjusted percentage stroke/death, when compared with the 
national mean. Additionally, nine hospitals had a significantly lower adjusted percentage 
major stroke/death. No hospital performed significantly worse than the mean.
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FIGURE 1 (A) Hospital comparison of time to intervention. (B) Hospital comparison of mortality. (C) 
Hospital comparison of major stroke and/or death. (D) Hospital comparison of stroke and/or death.

Patient, practice, and hospital related factors predictive of major 
stroke/death
As shown in Table 5, the patients operated on in the nine hospitals with better outcomes 
were more frequently referred from other hospitals, compared with patients operated 
in hospitals with a major stroke/death within the CIs. In contrast, these nine hospitals 
were more often hospitals with relatively lower volumes. The time to intervention did not 
differ between the two groups. General anesthesia and CEA without patch angioplasty 
were more frequently used in these nine hospitals compared with the other hospitals. 
Additionally, peri-operative shunting was less often performed in these nine hospitals.
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TABLE 5 Comparison of hospital related factors between hospitals with a lower percentage major 
stroke/death and hospitals performing within the CIs.

Not treated in 
“best practices”

n = 5555

Treated in “best 
practices”

n = 904 p-value

Referral

Internal / Direct 4633 (83%) 634 (70%) < 0.001

Tertiary / Indirect 920 (17%) 268 (30%)

Hospital volume (3 years)

Low volume (0 – 110) 1668 (30%) 590 (65%) < 0.001

Normal volume (111 – 175) 2107 (38%) 117 (13%)

High volume (176 – 263) 1780 (32%) 197 (22%)

Time to carotid intervention

< 2 weeks 1383 (25%) 199 (22%) 0.17

> 2 weeks 4134 (74%) 698 (77%)

Unknown 38 (0.7%) 7 (0.8%)

Anesthesia

Local anesthesia 363 (6.5%) 6 (0.7%) < 0.001

General anesthesia 5193 (94%) 898 (99%)

Surgical procedure

CEA without patch 554 (10%) 139 (15%) < 0.001

CEA with patch 4303 (78%) 655 (73%)

Eversion CEA 698 (13%) 110 (12%)

Peri-operative shunting

No shunting 3901 (70%) 728 (81%) < 0.001

Shunting 1159 (21%) 103 (11%)

Unknown 495 (8.9%) 73 (8.1%)

Neuro-monitoring

No monitoring 428 (7.7%) 7 (0.8%) < 0.001

EEG 2283 (41%) 539 (60%)

Stump pressure 130 (2.3%) 0 (0.0%)

Awake patient 314 (5.7%) 0 (0.0%)

EEG and TCD 2342 (42%) 351 (39%)

Other combinations 58 (1.0%) 7 (0.8%)
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Sex, age, pulmonary state, neurological presenting symptoms, and peri-operative 
shunting were predictive of major stroke/death, with an area under the curve of 0.691 
(Table 6). All patient, treatment, and hospital related factors used in this analysis that were 
proven not to be predictive for major stroke/death are shown at the bottom of Table 6.

TABLE 6 Factors predictive of major stroke/death.

Odds ratio (95% CI)

Age (per year) 1.04 (1.02 – 1.06)

Sex

Male Reference

Female 1.49 (1.02-2.17)

Pulmonary state

No dyspnea Reference

Dyspnea 0.82 (0.48-1.39)

Severe dyspnea 3.30 (1.72-6.34)

Presenting symptoms

Ocular symptoms Reference

Cortical symptoms 2.13 (1.07-4.25)

Vertebrobasilar or other 2.11 (0.45-9.97)

Peri-operative shunting

No shunting Reference

Shunting 2.48 (1.66-3.71)

Unknown 1.71 (0.91-3.21)

Eliminated variables: heart rate, potassium, hospital volume, hemoglobin, creatinine, anesthesia, systolic blood pressure, surgical 
procedure, cardiac state, time to intervention, neurological monitoring, preoperative ECG

DISCUSSION
The DACI has been successfully implemented in the Netherlands and covers all Dutch 
centers, which allows evaluation of quality of care in CEA both nationally and between 
hospitals. In the Netherlands, CEA is performed with an overall low mortality and (major) 
stroke/death rate and a reasonable guideline adherence, considering time to intervention. 
Whereas time to intervention showed significant variation between hospitals, outcome 
indicators such as mortality and (major) stroke/death are not very distinctive because 
of low overall event rates and no hospitals with a significantly higher event rate. The 
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lack of hospitals with worse outcomes in these indicators hampers a national hospital 
comparison in the era with a minimum volume of 20 CEA per year per hospital. However, 
nine hospitals with a significantly lower major stroke/death rate than the national mean 
were identified, from which others could perhaps learn. Additionally, predictors of major 
stroke/death after CEA in symptomatic patients could be identified with the use of DACI 
data.

Clinical audits are increasingly appreciated as a tool for quality improvement in surgical 
care and have proven to be effective.10 A clinical audit provides insight into the process of 
care and patient outcomes and enables comparison with other healthcare providers, so 
that areas for improvement can be identified and targeted improvements can be started. 
Moreover, with a nationwide audit, volume standards and national guideline adherence 
can be monitored.

For carotid artery interventions, several national audits have been successfully initiated 
in recent years.11-13 Additionally, some countries are collaborating in VASCUNET, a 
subcommittee of the European Society of Vascular Surgery, which makes it possible 
to compare practice between countries.5 The percentage of asymptomatic patients 
undergoing CEA in other European countries varies from < 1% to 53%.5,11 In the DACI 
93% of patients had a symptomatic stenosis and 75% of these patients were treated < 2 
weeks after their first consultation in the hospital, with a variation of 40 to 93% between 
hospitals. The national guideline aims to treat at least 80% of symptomatic patients < 
2 weeks after the first consultation, consequently this leaves room for improvement. 
A score of 100% may not be realistic, as patient delay can always occur. Besides the 
Scandinavian countries, in which 82.5% of patients are treated < 2 weeks, most countries 
have logistic obstacles to treating symptomatic patients within this timeframe.11,14 As it 
is known that the risk of a recurrent stroke is greatest in the first days after the index 
event, ideally symptomatic patients should be treated even sooner.15 Therefore, time to 
intervention will remain a topic of attention and possibly the permitted timeframe will be 
shortened in the future. The stroke/death rate in the DACI is comparable with outcomes 
in other audits, with stroke/death rates varying between 0.9% and 4.6%.5,12,14,16-18 It should 
be noted that national audits often use the outcome measure any stroke/death, while the 
landmark trials also used major stroke/death.19,20 The present authors believe that it is 
important to make a distinction in the severity of a postoperative stroke and that major 
stroke/death is a more uniform measure.

CNI and post-operative wound hemorrhage, measured at 30 day/in hospital, were, 
respectively, 2.8% and 4.1%. The reported frequencies of CNI vary widely in other studies, 
as the study design, method of diagnosing the injury, and whether or not the patient was 
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assessed by a neurologist also varies per study. This last point is also applicable to the 
DACI, which entails the risk of underreporting of stroke and/or CNI. However, it has been 
shown that the majority of CNI will resolve over the first few months and permanent CNI 
is rare.21,22

Additionally, this study shows a hospital comparison of outcomes after CEA in symptomatic 
patients. With the national minimum threshold of 20 CEA per hospital per year, the 
majority of hospitals have outcomes comparable with the national mean and there are no 
hospitals performing worse. To improve quality of care, one should look for “best practice 
hospitals” or variation between hospitals. An outcome measure like mortality, with a low 
event rate, shows little variation between hospitals. Some hospitals had no mortality, 
but this was often not significantly better than the mean. With the outcome measure any 
stroke/death and major stroke/death, more variation was observed and, respectively, five 
and nine hospitals with a significantly lower (major) stroke/death rate could be observed. 
However, most hospitals perform within the CIs. When comparing those nine hospitals 
with a significantly lower major stroke/death rate than the national mean with the other 
hospitals, some differences in practice were seen. Those nine hospitals mostly had lower 
volumes; however, this is relative and therefore the minimum volume of 20 seems to be 
sufficient. Patients were more often referred, general anesthesia was more often used, 
and in almost all patients intra-operative neurological monitoring was used. Furthermore, 
perioperative shunting was less often used in these nine hospitals, which appeared 
to be predictive of major stroke/death. Noteworthy, is that previous studies showed 
contradictory results about the association between peri-operative shunting and (major) 
stroke/ death.23,24 Further research is needed to confirm this association. Patient and 
disease related factors such as female sex, increasing age, severe dyspnea, and cortical 
symptoms as presenting symptoms were predictive of major stroke/death in symptomatic 
patients, which was partly confirmed in a previous study,25 whereas another study showed 
that cardiac disease was also predictive of (major) stroke/death. Additionally, smoking, 
diabetes, and the urgency of the surgery were proven to be predictive of (major) stroke/
death, but these variables were not included in the present model.17,26,27

Although some differences in outcomes were observed, no hospitals were identified 
with significantly worse practice. This may be caused by the low event rate. In the 
future, other ways to identify the possible existing variation in quality of care of CEA 
between hospitals need to be explored. A possible solution, that was recently tested for 
aortic aneurysm surgery, could be the development of a composite measure, Textbook 
outcome, combining process and outcome measures by which a more complete picture 
of care can be provided.28
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In its current form, the DACI has several limitations. As the DACI is an audit of carotid 
interventions, it does not contain information on patients who did NOT receive surgical 
treatment. Therefore, the audit does not provide information on intervention rate and 
neurological outcome of all patients with a symptomatic stenosis. With a future link 
between data from the DACI and data from the Dutch Acute Stroke Audit, this will be 
possible. With this link, the timeframe between first event and intervention can also be 
provided, which is more important from a patient perspective. Secondly, the severity of 
the presenting stroke was not captured in all symptomatic patients, which is important 
if you want to compare hospitals as fairly as possible on patient outcomes. This will 
be altered in the next update of the web survey. The data are self-reported, so it is 
possible that the reported mortality and complications are slightly underestimated. 
A continuously repeated independent data verification will be carried out to minimize 
this possible discrepancy. Additionally, standardizing postoperative care and follow up 
could improve quality of care and could contribute to data quality. Lastly, the DACI only 
provides information on 30 day/in hospital outcomes, while the long-term complications 
and re-interventions are just as important. A future possible link with declaration data 
from healthcare insurers might be able to provide this information.

Next to the comparison of results between hospitals on a national level, one could 
also learn from the comparison of practice and outcomes between different countries. 
Describing the initiation and first results of the present nationwide audit for carotid 
interventions could be helpful for other countries and may be an incentive for them to 
establish a similar audit or encourage harmonization of existing national audits. A future 
international collaboration, in which practice and outcomes can be compared and in 
which one could learn from each other, could contribute to further quality improvements 
on a wider scale.

CONCLUSION
In the Netherlands, CEA is performed with an overall low mortality and (major) stroke/
death rate and a reasonable time to intervention. Whereas time to intervention showed 
significant variation between hospitals, outcome indicators such as mortality and (major) 
stroke/death are not very distinctive because of low overall event rates and no hospitals 
with a significantly higher event rate. Hospital comparison and the identification of “best 
practices” is hampered by this lack of variation between hospitals in current outcome 
indicators. However, data from the DACI can be used for national population studies, 
such as identification of predictors of major stroke/death in symptomatic patients.
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SUPPLEMENT 1
List of items registered in the DACI

Section Variables

Patient Sex, year of birth

Comorbidity History of malignancies, pre-operative cardiac state, pre-operative pulmonary 
state, pre-operative systolic blood pressure, pre-operative heart rate, pre-
operative hemoglobin, pre-operative leukocytes, pre-operative sodium, pre-
operative potassium, pre-operative creatinine, pre-operative results of ECG

Pre-operative 
process

Side of intervention, indication for intervention (namely,), date of first symptoms, 
specialty of first consultation at the hospital, way of referral, date of first 
surgical consultation/date of multidisciplinary consultation, previous CEA

Pre-operative 
investigations

Duplex, CTA, MRA, DSA

Pre-operative 
medication

Acetylsalicyclic acid, statin, dipyridamole, coumarin, 
clopidogrel, antihypertensive agents, NOAC, heparin

Intervention Date of intervention, reason for intervention, Glasgow Coma Scale (eyes/
movements/verbal), anesthesia, monitoring, awake during intervention, 
EEG, TCD, stump pressure, type of procedure, use of shunt, blood loss

Postoperative 
medication

Acetylsalicyclic acid, statin, dipyridamole, coumarin, clopidogrel, 
antihypertensive agents, NOAC, heparin, other medication (namely,)

Postoperative 
complications

Postoperative TIA/stroke, new or worsening neurological deficit, specify TIA/stroke, 
ipsilateral TIA/stroke, contralateral TIA/stroke, preoperative neurological state, 
postoperative neurological state (30 days), discharge to (nursing) home, cranial 
nerve injury, wound hemorrhage, other complications, re-intervention, indication 
for re-intervention, other, number of days on ICU, mortality (30 day/in-hospital)
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ABSTRACT
Introduction Most patients with symptomatic carotid artery stenosis (CAS), eligible for 
surgical intervention, are referred by a neurologist. Therefore, good collaboration between 
neurologist and vascular surgeon is imperative. The aim of this present study was to gain 
insight into current policies regarding in-hospital care surrounding CEA and additionally 
investigate whether logistical factors involving this collaboration influence delay to CEA 
and postoperative complications.

Methods Two surveys were sent to each center to both a vascular surgeon and a stroke 
neurologist. The findings from these surveys were then linked to the clinical data of the 
Dutch Audit for Carotid Interventions (DACI), a mandatory nationwide registry, from 2016-
2018. Logistic regression analyses were performed using the DACI for two outcomes: 
waiting time to CEA and postoperative stroke and/or death.

Results Response rates for the surveys were 64% (34/53) and 80% (35/44) for vascular 
surgeons and stroke neurologists respectively. In 25 centers, both the vascular surgeon 
and stroke neurologist participated. Ninety-two percent of the centers had a protocol. In 
these centers, DACI reported postoperative stroke and/or death rates were lower (2.5% 
versus 4.1%, p = 0.11). In 40% of the centers, the multidisciplinary team (MDT) meeting 
was obligatory. Patients treated in these hospitals had a lower likelihood of delay to CEA 
(adjusted OR 0.85, 95% CI 0.73-0.99). Low volume centers had a higher likelihood of 
delay to CEA compared to medium to high volume centers (OR 0.78 [95% CI 0.64-0.95) 
vs OR 0.79 [95% CI 0.66-0.96]).

Conclusion In the Netherlands, significant differences exist between hospitals in the in-
hospital care for patients undergoing CEA. An obligatory MDT meeting was associated 
with a lower likelihood of delay to CEA, implying the importance of well instated logistical 
processes. High and medium volume center revealed significant less delay to surgery.
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INTRODUCTION
Large vessel disease, among which is carotid artery stenosis (CAS), is one of the most 
common causes of transient ischemic attack (TIA) and ischemic stroke. Patients with 
TIA or minor stroke are therefore screened for CAS by imaging techniques such as 
duplex ultrasonography, computed tomography angiography or magnetic resonance 
angiography or a combination of these investigations. In the Netherlands, this screening 
program is generally coordinated by a stroke neurologist. As a consequence, 93% of the 
initial referrals for carotid intervention are also performed by stroke neurologists.1 Referral 
from a neurologist to a vascular surgeon must be executed swiftly, as it is recommended 
to keep the time to carotid intervention as short as possible to prevent recurrent events in 
the waiting time to intervention.2,3 Therefore, the collaboration between vascular surgeons 
and neurologists is very important to reduce the time to treatment as much as possible 
for both in-hospital referred patients and inter-hospital referred patients.

Neurologists continue to serve an important role when it comes to ensuring a high quality 
of care during and after the surgical intervention. In the case of a (pending) complication, 
stroke neurologists may guide the diagnostics and treatment, e.g. in patients with 
postoperative hyperperfusion syndrome or postoperative TIA or stroke.

In the Netherlands, the data of all patients undergoing carotid surgery are registered in 
the Dutch Audit for Carotid Interventions (DACI) for quality assurance and improvement 
purposes.4 To improve care, it is essential to first determine how carotid care is organized.

Previously, the patient- and clinical factors associated with delay to carotid endarterectomy 
(CEA) and postoperative outcomes have been assessed using the data from the DACI.1,4 
However, logistical factors that are not registered in this nationwide clinical audit could 
be considerable confounders for these analyses, as previous research showed that 
optimization of the organization of care can significantly reduce the waiting time to CEA.5-6

The aim of this present study was to gain insight into current policies regarding in-hospital 
care surrounding CEA using surveys conducted by neurologists and vascular surgeons 
in the Netherlands. Additionally, we aspired to identify logistical factors associated 
with delay to CEA and postoperative outcomes, specifically targeting the collaboration 
between vascular surgeons and neurologists, by linking the data gathered from these 
surveys to the clinical data in the DACI.
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METHODS

Selection of participants
The Dutch Audit for Carotid Interventions (DACI) is a mandatory nationwide clinical audit 
in the Netherlands in which all patients treated with carotid artery surgery are registered.4 
Each hospital that registers in the DACI is obligated to choose a representative, i.e. a 
vascular surgeon. In the Netherlands, the minimal number of carotid endarterectomies is 
set at twenty per center per year.

The stroke neurologists participating in the survey were all representatives of the Dutch 
Acute Stroke Audit (DASA), a nationwide clinical audit in the Netherlands in which patients 
that are admitted to hospital with either ischemic or hemorrhagic stroke are registered.7 
For the DASA, it is optional to provide a representative and therefore not all hospitals 
could be asked to participate in the survey.

One representative vascular surgeon and one stroke neurologist for each center were 
asked to participate by e-mail in January 2018. Follow-up invitational e-mails were sent 
out until August 2019.

Survey
To assess the variability in collaboration between vascular surgeons and stroke 
neurologists in symptomatic patients with carotid stenosis, two surveys for each specialist 
were drafted: one for the vascular surgeons and one for the stroke neurologists. Both 
the survey for vascular surgeons and for stroke neurologists contained 18 questions. 
Both surveys were drafted and reviewed by LK, EK, and GJB. The surveys were in Dutch 
(translation of both surveys can be found in Supplement 1 and 2) and could be completed 
through an online website.

Link to clinical data
The data from the DACI of January 2016 to December 2018 were linked to the data from 
the survey that was sent out to the vascular surgeons and was used to support the 
findings of the survey (as shown in Figure 1). Additionally, it was examined whether certain 
factors in the care process, queried in the surveys, affected the outcomes of patients. The 
outcomes chosen were 1) waiting time to CEA longer than 14 days 2) postoperative stroke 
and/or death within 30-days after CEA or during admission.
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Other definitions
Waiting time was defined as the time from first medical contact at the hospital after 
the event leading to hospital visit to the CEA. This definition was chosen as this is the 
timeframe that is hospital-dependent and, therefore, is based on hospital performance. 
Postoperative stroke was defined as an ischemic or hemorrhagic stroke within 30 days 
after CEA or during admission.

Cardiac morbidity was defined as the presence of hypertension, angina, cardiomegaly, 
cardiomyopathy or abnormalities on the electrocardiogram. A patient had a pulmonary 
morbidity if he or she had any signs of dyspnea from pulmonary disease or visible 
consolidation or signs of fibrosis on chest X-ray. Referral status was categorized in two 
subgroups: direct and indirect referral. A direct referral was defined as a referral from a 
general practitioner or a specialist within the same hospital that performs the CEA. An 
indirect referral was defined as a referral from a neurologist or a vascular surgeon from 
another hospital without facilities for performing a CEA.

The volume per center was categorized using tertiles: low volume centers treated less 
than 118 patients during the study period (which is 39 CEAs per year), medium volume 
centers treated between 118 and 162 patients (39 to 54 per year) and high volume centers 
treated more than 162 patients (54 per year).

Data extraction and statistical analysis
Data were collected using an online survey tool and extracted to Excel. Hospital names 
were coded to establish linkage and then anonymized. Data were processed using the 
R-software, version 1.1.383. Continuous values were expressed as mean with standard 
deviation (SD) and nominal variables as count and percentages. A chi-square test was 
used to compare categorical data. Mann-Whitney-U tests and Kruskal Wallis tests were 
used for comparison of groups of the normally distributed and non-normally distributed 
continuous variables respectively.

In part A, an overview of the participating centers, for both vascular surgeons and stroke 
neurologists and combined, is reported as well as the clinical data from the DACI.

In part B, the findings of both surveys are reported. Only the surveys where both the 
vascular surgeon and the stroke neurologists for the same center had participated 
were selected for analysis. If there was a discrepancy between both specialties in one 
hospital, the specialty concerning that topic was leading. For the topics “follow-up” and 
“diagnostics and CEA outside office hours”, the questions differed between specialty, 
and therefore the findings were reported separately for both specialties.
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In part C, the association between the findings of the survey and postoperative outcomes 
are reported. Only the survey filled out by the vascular surgeon was used for analysis. To 
assess the association between the findings in the survey and a waiting time longer than 
14 days, univariate analysis followed by multivariable logistic regression was performed. 
For the multivariable logistic regression, the finding in the survey was adjusted for 
confounders, based on previous research1: age (continuous, in years), previous CEA (yes 
vs no), referral status (direct vs indirect referral) and ocular symptoms during first index 
event (yes vs no).

To assess the association between the findings in the survey and postoperative stroke 
and/or death, univariate analysis followed by multivariable logistic regression was also 
performed. The multivariable logistic regression was adjusted for confounders, based on 
clinical grounds: age (continuous, in years), cardiac comorbidity (yes vs no), pulmonary 
comorbidity (yes vs no), previous CEA (yes vs no) and ischemic stroke as index event (yes 
vs no).

RESULTS

Part A: Overview of participating centers

Overview of vascular surgeons that participated in the survey
Fifty-three vascular surgeons from 53 centers were invited as representatives from their 
centers to participate in the survey study of which 36 responded (68%). After exclusion of 
two surveys, as shown in Figure 1, 34 surveys were included for analysis. One vascular 
surgeon filled out the survey except for the final section on “CEA outside office hours”.

The median number of vascular surgeons per center was four (range: 2-9), as shown in 
Figure 2.

Overview of stroke neurologists that participated in the survey
The response rate of the stroke neurologists was 80% (35 out of 44 hospitals). One stroke 
neurologist filled out the survey except for the final section on “diagnostics outside office 
hours”. The median number of neurologists per center was 12 (range 5-34). In 31 % of 
the hospitals (n = 11), only a dedicated team of stroke neurologists is involved with the 
diagnostics of carotid stenosis and the decision-making leading to CEA.
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Vascular surgeons invited
n = 52

Stroke neurologists invited
n = 44 

Response
n = 36 (68%)

Included for analysis 
n = 35

Included for analysis 
n = 34

Survey vascular surgeon Survey stroke neurologists

Response
n = 35 (80%)

Response by both specialties
n = 25

Excluded
- Stopped after first part of 

survey (n = 1)
- Stopped performing CEA 
- (n = 1)

Clinical data from the 
Dutch Audit for Carotid 

Interventions

FIGURE 1 Overview of linkage between surveys and dataset of the DACI.
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FIGURE 2 Number of patients treated from 2016 up to and including 2018 per hospital participating 
in the survey. The number of color blocks shown per hospital represent the number of vascular 
surgeons performing CEA.
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Overview of patients registered in the DACI
From 2016 up to and including 2018, 7326 patients were registered in the DACI. Of these 
7326 patients, asymptomatic patients (n = 268, 3.7%) and patients treated with carotid 
artery stenting (n = 210, 2.9%) were excluded. Of the remaining 6850 patients, the mean 
age was 73 years and 70 % was of the male sex. Cardiac comorbidity was present in 77% 
of patients and 21% of patients had pulmonary comorbidity.

Of these 6850 patients, 4799 patients were treated in the 34 centers that participated in 
the survey for vascular surgeons (70%). The median number of patients treated per center 
was 146 with a range between 77 and 224. The patient characteristics were similar to the 
overall population.

Overview of centers in which both specialties participated in the survey
In 25 centers, both the vascular surgeon and the stroke neurologist completed the survey. 
In these centers, 3586 patients were treated (53% of overall population). The median 
number of patients treated per center was similar to the overall population (median of 142 
patients with a range between 79 and 209). The median number of vascular surgeons 
per hospital was 4 (range 3 – 9). The patient characteristics were similar to the overall 
population.

Part B: Findings of the surveys

Protocol
As mentioned above, in 25 centers both the vascular surgeon as the stroke neurologist 
completed the survey. Twenty-three centers (92%) declared to have a protocol from 
diagnosis to surgery in which the collaboration between vascular surgeons and stroke 
neurologists is described, as shown in Figure 3.

Multidisciplinary team meeting
Eight centers always discuss every patient in a multidisciplinary team (MDT) meeting. 
In the remaining 17 centers, 9 centers usually discuss every patient in an MDT meeting 
but that ‘sometimes the surgery is scheduled before the next MDT meeting’ (6), or that 
“they are referred from the neurologists and therefore an MDT meeting is not deemed 
necessary” (2), or that “it is sometimes overlooked” (1). The other 8 centers do not have 
an obligatory MDT meeting.
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Pre- and postoperative examination by neurologist
In 48% of the centers (12/25), the patient is always preoperatively examined by a 
neurologist. In only 32% of the centers (8/25), the patient is always postoperatively 
examined by a neurologist. In the remaining hospitals, neurologists are only included 
when new neurological deficits occur.

Obligatory postoperative examination by neurologist

Obligatory preoperative examination by neurologist

Obligatory multidisciplinary team meeting

Availability of protocol

0 5 10 15 20 25
Number of centers

FIGURE 3 Findings in the survey.

Presence of neurologist or representative during surgery
In 17 centers (68%), a clinical neurophysiology technician (NPT) is always present 
throughout the surgery, in which five centers also have a neurologist present. From the 
remaining 8 centers, 4 centers always have a stroke neurologist present in the operating 
room. In the remaining four centers, in three centers a shunt is always used and in one 
center cerebral monitoring is always used. Most vascular surgeons and the stroke 
neurologists did not perceive the neurologist’s presence during the CEA as important 
(64% and 68% respectively), however, both specialties concurred that the presence of a 
NPT was important (both 84%).

141343-kuhrij-layout.indd   113141343-kuhrij-layout.indd   113 20/04/2020   10:5220/04/2020   10:52



114

Chapter VI

Follow-up
Follow-up was reported by both specialties individually. Following discharge, all vascular 
surgeons (n = 34) followed up on their patients at the outpatient clinic, but at different 
terms: after 2 weeks (n = 8), after three weeks (n = 3), after one month (n = 1), after 6 weeks 
(n = 18) or after 3 months (n = 4). During this consultation, 22 vascular surgeons (65%) 
perform imaging (namely duplex ultrasonography).

Patients are also seen by neurologists at an outpatient clinic after discharge in 83 % of 
centers (29/35), but again the terms differed: most centers (18) used a period of 6 weeks 
with a range from 2 weeks to 3 months.

Diagnostics and CEA outside office hours
In half of the centers (17/34), stroke neurologists reported that they do not consult the 
vascular surgeons about patients with symptomatic carotid stenosis, who might be 
eligible for CEA, outside office hours. In eight centers, the vascular surgeon is always 
consulted (24%).

According to the vascular surgeons, less than half of the centers perform CEAs outside 
office hours (16/33). In most of these centers, a neurologist or an NPT is always present 
(14). In the remaining two centers, if neither is present the vascular surgeons indicate 
that a shunt or primary closure (without patch) is always used. When asking the vascular 
surgeons what they would do when neither a neurologist or NPT is present, half would 
perform a CEA with a shunt (8), seven would postpone the CEA and one would perform 
the CEA without neuro-monitoring.

Part C: Association between finding of survey and clinical outcomes

Waiting time to CEA
In less than 1% of the patients treated in the 34 centers in which the vascular surgeon 
participated in the survey, the waiting time was unknown. Of the remaining 4774 patients, 
the median waiting time to CEA during the study period was 10 days (IQR 7-13) and 82% 
was treated within 14 days after first consultation by any specialists within the center (n 
= 3929).

Patients treated in a low volume center had a higher likelihood for a waiting time longer 
than 14 days than when treated in a medium or high volume centers (OR 0.78 [95% CI 
0.64-0.96] and OR 0.76 [95% CI 0.63-0.92] respectively), as shown in Table 1. Patients 
treated in centers where the MDT meeting was obligatory had a lower likelihood of having 
a waiting time longer than 14 days (adjusted OR 0.85, 95% CI 0.73-0.99). The presence of 
a protocol was not associated with a delay to CEA (p = 0.15).
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Postoperative stroke and/or death
In less than 1% of the patients (n = 28), either postoperative stroke or death status was 
missing and were therefore excluded for the following analyses. The postoperative stroke 
and/or death rate of the remaining 4771 was 2.6 %. Patients treated in low volume centers 
did not have a higher likelihood to have a postoperative stroke and/or death than medium 
and high volume centers (p = 0.27 and p = 0.57 respectively), as shown in Table 2. In 
centers with an available protocol, less patients had a postoperative stroke and/or death 
(2.5% vs 4.1%) although this was not statistically significant, even after adjustment for 
confounders (p = 0.11). Additionally, no association was found between postoperative 
stroke and/or death and the presence of a neurologist or a NPT during surgery (adjusted 
OR 1.71, 95% CI 0.85-4.10). A postoperative examination by the neurologist did not 
increase the odds of postoperative stroke and/or death (adjusted OR 1.04, 95% CI 0.71-
1.51).

DISCUSSION
In our overview on logistical processes in the in-hospital care for patient with 
symptomatic carotid stenosis we assessed a huge variation in logistical policies in 
the Netherlands. Albeit, almost all centers have a protocol in practice surrounding the 
care pre- and postoperatively of patients treated with CEA. Additionally, in almost all 
centers the neurologist and/or NPT are directly involved during CEA. However, noticeable 
differences were identified by linking the findings from the survey to the clinical data 
from the nationwide registry (DACI).  We focused on logistical factors associated with 
two outcomes: the time from the first presentation to CEA longer than 14 days and 
postoperative stroke and/or death.

The caseload per hospital, calculated over three years, was relatively small (median of 
49 per year) and varied greatly between centers (77 – 224). A recent systematic review 
showed that high operator and high hospital volume are associated with decreased risk 
of postoperative stroke and death.8 In our study, this association between volume and 
postoperative stroke and/or death was not observed. This may be due by the fact that 
case mix correction for high-risk anatomy or surgery could not be performed. Further, 
the volume per operator was not listed, as only the number of surgeons per center was 
reported in the survey. This was left out of the analyses, because this would lead to the 
assumption that each surgeon in one hospital operates the same number of patients. 
However, low volume hospitals treated a higher proportion of patients with a waiting 
time longer than 14 days than medium and high volume centers. This implies that higher 
volume hospitals are better equipped to organize a short time to CEA.
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The postoperative stroke and/or death rate was higher in hospitals not using a protocol 
(2.5% versus 4.1%), however, this was not statistically significant. It should be considered 
that on average the postoperative stroke and/or death rate in the Netherlands is low 
(2.6%) and therefore the analyses are underpowered. However, we do believe that an 
in-hospital availability of a (multidisciplinary) protocol for both vascular surgeons and 
stroke neurologists is necessary. Although not included in this review, an interventional 
radiologist should also be involved in this protocol, as these perform with increasing 
frequency stenting of carotid stenosis in the acute phase of stroke. Ideally, a single 
national level protocol could be designed (and locally adapted if considered).

Additionally, we hypothesized that in centers with obligatory postoperative examination 
by a neurologist the percentage of postoperative adverse neurological outcomes would 
be higher than other centers, as the examination has been deemed more thoroughly 
performed and more objective when performed by a neurologist than a vascular surgeon. 
This, however, was not confirmed by our analyses.

We found a statistically significant association between an obligatory MDT meeting 
and a lower likelihood of delay to CEA after adjustment for known confounders. This is 
noteworthy, as having all patients have to be discussed in an MDT meeting could also 
cause delay. A possible explanation for this could be that this is a proxy for a good 
overall care path. In 21% of the centers (8/21), where MDT meetings are not obligatory, 
the reason for not consulting the MDT meeting was that the patient was scheduled 
for surgery before the next MDT meeting.  Additionally, although the association 
between MDT meetings and postoperative outcome was not statistically significant, the 
effectiveness of MDT meetings has been demonstrated in many studies leading to better 
outcomes, particularly in oncology9, but also in vascular surgery for instance in patients 
with a diabetic foot.10 Therefore, every hospital should have an obligatory MDT meeting 
and if necessary, additional dedicated a focused carotid MDT meetings may be required. 
Redirecting patient care to higher volume centers may further facilitate this development.

There are some limitations to this study. For the analyses performed to assess the 
association between the findings in the survey and the outcomes on a patient level, we 
assigned characteristics of the center to the patients that were operated in that center. 
Therefore, the assumption was made that every patient is treated equally within the same 
center. However, we believe that when there are individual issues, the care is adjusted. 
Additionally, surveys include an inherent risk of observer bias. The strength of this study 
is that we conducted surveys to both vascular surgeons and stroke neurologists in which 
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we achieved a high response rate (64% and 80% respectively) on a nationwide level, with 
a linkage to the nationwide mandatory clinical audit (DACI) to assess the effect on patient 
outcomes.

CONCLUSION
This survey reports a significant variation in care for stroke patients with symptomatic 
carotid stenosis undergoing CEA between Dutch centers. An obligatory MDT meeting 
was associated with a lower likelihood of delay to CEA, while high and medium volume 
center revealed significant less delay to surgery. Our observations may lead to further 
standardization and instigation of protocolized care for stroke patients needing carotid 
revascularization.
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SUPPLEMENT 1
Survey sent to vascular surgeons 

Structure
1. In which hospital do you work?
2. How many vascular surgeons, certified by the Dutch Vascular Surgery Association 

(NVvV), work in your hospital?
3. How many vascular surgeons in your hospital do carotid surgical interventions?

Process
4. Is the collaboration between vascular surgeons and neurologists recorded in a 

protocol? No / Yes
5. Are all patients that are treated with carotid endarterectomy (CEA) discussed in a 

multidisciplinary team meeting, in which at least a neurologist is involved? No / Most 
of the times, unless (open text field) / Always

6. Are all patients pre-operatively examined by a neurologist or a resident neurology? 
No / Most of the times, unless (open text field) / Always

 Are there anesthetists that predominantly are involved with CEAs? No / Yes
7. If so, are these the anesthetists that solely perform the anesthesia in patients treated 

with CEA? No / Yes
8. How often are the involved neurologists present at the CEA? Never / Sometimes / 

Often / Always
9. If the neurologist is not present, is there always a clinical neurophysiology technician 

present? No / Yes / Not applicable
10. Is cerebral monitoring used during CEA? Never / Sometimes / Often / Always
11. What do you consider the value of the presence of a neurologist during CEA? Totally 

not important / Not really important / Considerably important / Very important / 
Extremely important

12. What do you consider the value of the presence of a clinical neurophysiology 
technician during CEA? Totally not important / Not really important / Considerably 
important / Very important / Extremely important

13. Are all patients postoperatively examined by a neurologist or a resident neurology? 
No / Yes

14. Are all patients treated with CEA seen for follow-up by a vascular surgeon? No / Most 
of the times, unless (open text field) / Always

15. After how many days are patients seen for follow-up?
16. During this follow-up, does each patient receive a carotid artery ultrasound? No / Yes
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CEA outside office hours
17. Are CEAs performed outside office hours in your hospital? No / Yes
18. If so, is the clinical neurophysiology technician present during the CEAs that take 

place outside office hours? No / Most of the times, unless (open text field) / Always
19. If so, is the neurologist present during the CEAs that take place outside office hours? 

No/ Most of the times, unless (open text field) / Always
20. In case neither the clinical neurophysiology technician nor the neurologist is available 

outside office hours, which option do you choose in daily practice?
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SUPPLEMENT 2
Survey sent to stroke neurologists

Structure
1. In which hospital do you work?
2. How many neurologists work in your hospital?
3. How many neurologists in your hospital are involved with the diagnostics of carotid 

stenosis and the decision-making leading to the CEA?
4. How many neurologists, specialized in neurovascular disease, work in your hospital?
5. Are these neurologists, specialized in neurovascular disease, involved with the 

diagnostics of carotid stenosis and the decision-making leading to the CEA? No / 
Yes

Process
6. Is the collaboration between vascular surgeons and neurologists recorded in a 

protocol? No / Yes
7. Are all patients pre-operatively examined by a neurologist or a resident neurology? 

No / Most of the times, unless (open text field) / Always
8. How often are the involved neurologists present at the CEA? Never / Sometimes / 

Often / Always
9. Are all these neurologists specialized in clinical neurophysiology? No / Some / All
10. If the neurologist is not present, is there always a clinical neurophysiology technician 

present? No / Yes / Not applicable
11. What do you consider the value of the presence of a neurologist during CEA? Totally 

not important / Not really important / Considerably important / Very important / 
Extremely important

12. What do you consider the value of the presence of a clinical neurophysiology 
technician during CEA? Totally not important / Not really important / Considerably 
important / Very important / Extremely important

13. Are all patients postoperatively examined by a neurologist or a resident neurology? 
No / Yes

14. Are all patients treated with CEA seen for follow-up by a neurologist or a resident 
neurology? No / Most of the times, unless (open text field) / Always

15. After how many days are patients seen for follow-up?
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Diagnostics outside office hours
16. Are carotid artery ultrasounds performed outside office hours in your hospital? No 

/ Yes
17. If a symptomatic significant carotid stenosis is diagnosed outside office hours, is the 

vascular surgeon immediately consulted? No / Most of the times, unless (open text 
field) / Always

18. Are neurologists involved during the CEAs that take place outside office hours? Yes 
/ No
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ABSTRACT
Introduction As the risk of a recurrent neurological event in patients with symptomatic 
carotid stenosis requiring carotid endarterectomy (CEA) is highest in the early phase after 
the first neurological event, guidelines recommend to operate these patients as soon as 
possible or at least within 14 days after their initial event. However, in real-world practice 
this is often not met. The aim of this study is to identify factors that cause hospital-
dependent delay to CEA.

Methods All consecutive patients with symptomatic carotid stenosis undergoing CEA 
registered in the mandatory Dutch Audit for Carotid Interventions from January 2014 up 
to and including December 2017 were included in the current analysis. Univariate followed 
by multivariable logistic regression was used to identify independent factors associated 
with hospital-dependent waiting time, defined as time from the first consultation at any 
hospital to CEA of more than 14 days.

Results A total of 8620 patients were included. Median time to CEA was 11 days (IQR 
8-14). Seventy-eight percent of patients underwent CEA within 14 days after first hospital 
consultation. Factors associated with a hospital dependent waiting time longer than 14 
days were age (OR 0.99 per year, 95% CI 0.98-0.99), any previous CEA (OR 1.67, 95% 
CI 1.32-2.09), ocular symptoms as index event (OR 1.31, 95% CI 1.15-1.50) and indirect 
referral (OR 1.53, 95% CI 1.34-1.73). Hospital surgical volume was not identified as a 
factor for delay, except for the delay of indirect referred patients where high volume 
hospitals reported the shortest delay.

Conclusion This cohort derived from a validated nationwide prospective audit identified 
younger age, previous CEA, ocular symptoms and indirect referral as hospital dependent 
factors for delay. High volume hospitals had a similar hospital dependent waiting time 
than middle and low volume hospitals. However, high volume hospitals had more indirect 
referrals, implying that their logistics are more efficiently organized.
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INTRODUCTION
In patients with a high degree symptomatic carotid artery stenosis, recurrent ischemic 
event can be adequately prevented by carotid revascularization.1 Although carotid 
artery stenting (CAS) has been suggested as an equally effective therapeutic option in 
the prevention of stroke, all randomized trials comparing carotid endarterectomy (CEA) 
with CAS have revealed a significant higher minor stroke rate with CAS.2 Based on these 
findings, in the Netherlands CEA is performed predominantly in symptomatic patients. In 
recent years, the relevance of timely CEA after a presenting stroke has become evident. 
The risk of a recurrent event is highest shortly after the presenting event: from 5.2 % 
within two days, up to 11.2% within 14 days, and 18.6% within 90 days.3 As a result of 
this initially high recurrence risk, international guidelines recommend performing carotid 
revascularization within 14 days after the first event.4 In practice, this guideline is often 
not met,5 although earlier CEA reduces the recurrent ischemic event rate.6 Therefore 
in recent years, multiple studies have investigated factors associated with this delay. 
These factors can be divided into two categories: the pre-hospital dependent delay and 
hospital dependent delay. Pre-hospital dependent delay can, for instance, be caused 
by not identifying functional deficits as neurological event by the patient. Hospital 
dependent delay, defined as the time from first consultation at any hospital until the 
carotid revascularization, is subject to the organization of care within and between 
hospital(s). This latter form of delay can be used as an indicator of quality of care provided 
by each hospital. In the Netherlands, all patients undergoing carotid interventions are 
registered in the Dutch Audit for Carotid Interventions (DACI), a nationwide mandatory 
audit. The percentage of symptomatic patients operated on within 14 days after first 
consultation at any hospital is made public each year since the start of the audit in 2013, 
thereby encouraging a data-driven improvement. By identifying factors causing hospital 
dependent delay, targeted action can be made to reduce hospital dependent waiting 
time. With earlier intervention, theoretically potential recurrent events can be prevented.

The aim of this study was to identify patient and hospital factors that lead to a hospital-
dependent waiting time above 14 days.

METHODS

Data source
The DACI is a mandatory, nationwide, population based prospective audit in which 
data of all consecutive patients undergoing carotid revascularization are prospectively 
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registered since 2013. A recent evaluation of the validity of the data performed in at-
random selected hospitals showed 99.3 % completeness. The DACI is managed by the 
Dutch Society for Vascular Surgery, a professional association for vascular surgeons. The 
audit uses indicators to measure the quality of care and provide a national benchmark.7 
The percentage of symptomatic patients treated within 14 days after first consultation 
at any hospital is a quality indicator set by the Dutch Society for Vascular Surgery and 
enforced by the Health and Youth Care Inspectorate.

Patient selection
For this study, all consecutive patients in the Netherlands undergoing CEA due to 
symptomatic carotid stenosis from January 2014 up to and including December 2017 
were included. Symptomatic carotid stenosis was defined by the occurrence of ocular 
or cerebral transient ischemic attack (TIA) and/or ischemic stroke in patients with high 
degree stenosis. In the Dutch current treatment guidelines, high degree symptomatic 
stenosis is defined as a stenosis of 70-99% of the ipsilateral internal carotid artery, 
with the exception of male patients with a stenosis of 50-99% with cerebral (and not 
ocular) symptoms, measured by using the method of the North American Symptomatic 
Carotid Endarterectomy Trial (NASCET).8 Asymptomatic patients were excluded from this 
analysis, as these patients lack an index primary event and therefore are not at risk for a 
recurrent event. Also excluded were patients treated with carotid artery stenting due to 
the small number of patients and different treatment modality. Minimal data requirements 
for inclusion were age, date of carotid intervention, type of carotid intervention and 30-
day survival status. The data is collected with a waiver of patient consent as is common 
in clinical audits.

Definitions
Date of CEA was used to determine the year of inclusion. Cardiac morbidity was defined 
as the presence of hypertension, angina, cardiomegaly, cardiomyopathy, or abnormalities 
on electrocardiogram. The patient had respiratory morbidity if they had any signs of 
dyspnea due to pulmonary disease or visible consolidations or signs of fibrosis on chest 
X-ray. Ocular symptoms could be either amaurosis fugax or a retinal artery occlusion. A 
patient was indirectly referred when they presented with (a history of) TIA or ischemic 
stroke in another hospital than where CEA was performed. Directly referred patients are 
patients that presented at the hospital where CEA was performed. Hospital dependent 
waiting time, that is waiting time to CEA, was defined as the date of first consultation 
at any hospital to date of carotid intervention in days, corresponding with the national 
quality indicator. Time to first outpatient visit/ vascular meeting was defined as time from 
first consultation at any hospital to the first outpatient visit at the vascular surgeon prior 
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to the operation or to multidisciplinary vascular meeting in which the indication of surgery 
for each patient is discussed. Date of first/index event and type of first/index event were 
not registered in the DACI until 2018.

Analysis
Continuous values were expressed as mean with standard deviation (SD) and nominal 
variables as count and percentages. Time intervals were not normally distributed values 
and therefore summarized by median and corresponding interquartile ranges (IQR). The 
chi-square test was used to compare categorical data for each year. The Mann- Whitney 
U test and Kruskal-Wallis test were used for age and time intervals respectively.

A logistic regression analysis was performed to identify patient and hospital factors that 
are associated with a hospital dependent waiting time, defined as a waiting time from 
first consultation at any hospital to CEA above 14 days. Covariates used for analysis 
were: age (in years, continuous), sex, respiratory morbidity, cardiac morbidity, use of 
oral anticoagulants, any previous CEA, first consultation at hospital during the weekend, 
presenting symptoms (cerebral/ocular) and referral. There was collinearity between ocular 
symptoms and referral by an ophthalmologist and therefore referral by ophthalmologist 
was left out of the logistic regression analysis. In addition to univariate analysis, factors 
with a p-value of <0.1 were selected for multivariable analysis. Factors were added using 
forward selection. The discrimination of the regression model was tested using a receiver 
operator curve (ROC) to estimate the area under the ROC curve (AUC). The goodness of 
fit of the model was tested using a Hosmer-Lemeshow test.

Subsequently, the association between volume and hospital dependent delay was 
investigated. Hospitals were categorized by volume into tertiles: hospitals with an average 
of less than 37 CEA’s a year were classified as low volume, an average between 37 and 
55 as medium volume and 55 or higher as high volume. The chi-square test was used to 
compare the hospital dependent waiting time in the different volume categories.

All statistical analyses were performed with the R software (version 1.1.383).

RESULTS
In total, 9293 patients were registered in the DACI. After excluding the patients undergoing 
CAS (353 patients) and the asymptomatic patients (320 patients), 8620 patients were 
included for the present analysis.
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Baseline characteristics over time
An overview of the baseline characteristics, total and divided per year, are shown in 
Table 1.

The mean age of the patients was 72 years and increased statistically significant over 
the years (although not clinically relevant). Seventy percent of the patients were male. 
The number of hospitals performing CEA decreased from 54 in 2014 to 52 in 2017 (p < 
0.001). All hospitals performed according to the minimum surgical volume standard of 
20 interventions a year. Most patients (75%) had cardiac comorbidities which increased 
during the years of registration (p < 0.001). Twenty percent had respiratory morbidity. Four 
percent of the patients had previously undergone a CEA (either ipsilateral or contralateral).

In most patients, cerebral symptoms were the manifestation of the carotid stenosis (81%). 
Most patients were referred by the neurologist (93%). Eighteen percent was indirectly 
referred. The median time to first outpatient visit/ vascular meeting decreased from four 
days in 2014 to three days in the following years, which was statistically significant but 
not clinically relevant. The median hospital dependent waiting time to CEA decreased 
from 12 (IQR 8-15) in 2013 to 10 (IQR 7-13) days in 2017. Subsequently, more patients were 
treated within 14 days or less in 2017 compared to 2014 (85% vs 70%, p < 0.001).

Factors associated with a hospital dependent waiting time above 14 
days
Factors associated with a hospital-dependent delay are shown in Table 2. These factors 
were age (OR 0.99 per year, 95% CI 0.98-0.99), any previous CEA (OR 1.67, 95% CI 
1.32-2.09), ocular symptoms as index event (OR 1.31, 95% CI 1.15-1.50), indirect referral 
(OR 1.53, 95% CI 1.34-1.73) and year of inclusion (OR 2.35 [95% CI 2.02-2.74] in 2014, 
OR 1.72 [95% CI 1.72-2.01] in 2015 and OR 1.44 [95% CI 1.23-1.68] in 2016 with 2017 as 
reference). Referral by a neurologist, independent of type of symptoms, was associated 
with a shorter waiting time (OR 0.70, 95% CI 0.59-0.84). The area under the ROC-curve 
of the model was 0.62 (p < 0.001). The Hosmer-Lemeshow test showed a p-value of 0.99, 
indicating that there is no evidence that this model fits badly.

Twenty-three percent of ocular patients were referred by an ophthalmologist. Of these 
patients 58% was operated on within 14 days (versus 76% when referred by a neurologist).
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TABLE 1 Baseline characteristics of patients studied for hospital dependent delay for carotid 
endarterectomy (CEA) for symptomatic carotid stenosis in total and divided by year of inclusion.

Year of inclusion

p-value*
Total

(n = 8620)
2014

(n = 2010)
2015

(n = 2188)
2016

(n = 2231)
2017

(n = 2191)

Hospitals (no) 54 54 54 54 52 <0.001

Patient characteristics

Mean age in years (SD) 72 (+/- 9) 72(+/- 9) 72(+/- 9) 72 (+/- 9) 73 (+/-9) 0.01 

Male sex (n) 6010 (70%) 1396 (69%) 1512 (69%) 1558 (70%) 1554 (70%) 0.76

Co-morbidity

Respiratory morbidity 1710 (20%) 367 (18%) 468 (21%) 433 (19%) 442 (21%) 0.08

Cardiac morbidity 6437 (75%) 1419 (72%) 1640 (75%) 1690 (76%) 1688 (77%) <0.001

Use of oral anticoagulants 1027 (12%) 203 (10%) 269 (12%) 284 (13%) 271 (12%) 0.04

Previous CEA 375 (4%) 83 (4%) 105 (5%) 106 (5%) 81 (4%) 0.22

Indication for intervention

Presenting symptoms

Cerebral symptoms
Ocular symptoms 

7001 (81%)
1619 (19%)

1603 (80%)
407 (20%)

1775 (81%)
413 (19%)

1845 (83%)
386 (17%)

1778 (81%)
413 (19%)

0.11

Process factors

First consultation 
at hospital during 
the weekend

1232 (14%) 300 (14%) 347 (16%) 313 (14%) 272 (14%) 0.22

Referring specialist

Neurologist
Ophthalmologist
Vascular surgeon

7887 (93%)
395 (5%)
208 (2%)

1812 (91%)
97 (5%)
74 (4%)

1986 (93%)
100 (5%)
48 (2%)

2093 (95%)
81 (4%)
36 (2%)

1996 (92%)
117 (6%)
50 (2%)

<0.001

Indirectly referred 1564 (18%) 328 (16%) 404 (18%) 435 (19%) 397 (18%) 0.06

Time to CEA

Median hospital-
dependent waiting 
time to first outpatient 
visit / vascular meeting 
in days (IQR)

3 (1-6) 4 (1-7) 3 (1-6) 3 (1-6) 3 (1-6) <0.001

Median hospital 
dependent waiting time 
to CEA in days (IQR)

11 (8-14) 12 (8-15) 11 (8-14) 11 (8-14) 10 (7-13) <0.001

Number of patients with 
time to CEA < 14 days (%)

6645 (78%) 1397 (70%) 1651(76%) 1755 (79%) 1842 (85%) <0.001
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TABLE 2 Factors associated with a hospital dependent waiting time longer than 14 days to carotid 
endarterectomy (CEA) for symptomatic carotid stenosis.

Hospital dependent waiting time longer than 14 days

Univariable 
analysis

OR (95% CI) p-value

Multivariate 
analysis

OR (95% CI) p-value

Age 0.99 (0.98-0.99) < 0.001 0.99 (0.98-0.99) < 0.001

Sex

Male 0.97 (0.87-1.08) 0.56 -

Female Reference

Respiratory comorbidity 1.11 (0.97-1.25) 0.12 -

Cardiac comorbidity 0.98 (0.87-1.10) 0.72 -

Use of oral anticoagulants 1.07 (0.91-1.25) 0.40 -

Any previous CEA 1.74 (1.39-2.16) < 0.001 1.67 (1.32-2.09) < 0.001

Symptoms at index event

Ocular symptoms 1.50 (1.32-1.69) < 0.001 1.31 (1.15-1.50) < 0.001

Cerebral symptoms Reference

First consultation during weekend 0.99 (0.85-1.14) 0.87 -

Neurologist as referring specialist 0.57 (0.48-0.67) < 0.001 0.70 (0.59-0.84) < 0.001

Vascular surgeon as 
referring specialist

1.06 (0.75-1.45) 0.74 -

Referral

Directly referred Reference

Indirectly referred 1.55 (1.37-1.75) < 0.001 1.53 (1.34-1.73) <0.001

Year of inclusion

2014 2.34 (2.02-2.73) < 0.001 2.35 (2.02-2.74) < 0.001

2015 1.73 (1.49-2.02) < 0.001 1.72 (1.48-2.01) < 0.001

2016 1.43 (1.23-1.67) < 0.001 1.44 (1.23-1.68) < 0.001

2017 Reference

Association between volume and waiting time to CEA
The median hospital dependent waiting time was 11 days for low, medium and high 
volume hospitals with a similar interquartile range (Figure 1). Between the three different 
categories, no difference in percentage of patients undergoing CEA within 14 days was 
found (p = 0.7).
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FIGURE 1 Boxplots of hospital dependent waiting time to carotid endarterectomy for symptomatic 
carotid stenosis for each hospital. The whiskers represent the 5th and 95th percentile. Hospitals were 
categorized on the basis of volume for each hospitals. The median hospital dependent waiting time 
of 11 days is shown in grey.

Association between referral and waiting time to CEA
A difference in hospital dependent waiting time was seen in patients that were indirectly 
referred compared to patients that were directly referred (see Figure 2). If patients 
were directly referred, 79% was treated with CEA within 14 days compared to 71% of 
the indirectly referred patients (p < 0.001). For both groups, the percentage of patients 
undergoing CEA increased for each year. When comparing directly and indirectly referred 
patients for each year, the difference between the groups remained statistically significant 
(p-value for each year: < 0.001 [2014], 0.01 [2015], < 0.001[2016] and 0.03 [2017]).

In directly referred patients, there was no difference in percentage of patients that were 
operated upon within 14 days between low, medium and high volume hospitals (21% vs 20 
% vs 22%, p-value = 0.27). In low volume hospitals, the percentage of patients indirectly 
referred was lower than in medium and high volume hospital (low: 11%, medium: 23% and 
high: 21%, p-value < 0.001). In indirectly referred patients, 28% of patients were operated 
after more than 14 days in low volume hospitals, 33% in medium volume hospitals and 
26% in high volume hospitals.
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FIGURE 2 Percentage of patients undergoing carotid endarterectomy for symptomatic carotid 
stenosis within 14 days of first presentation at hospital for each year. Patients are divided into 
groups of patients directly and indirectly referred.

DISCUSSION
Using data from a nationwide audit, this study identified younger age, previous CEA, 
ocular symptoms as index event, and indirect referral as factors associated with a hospital 
dependent delay, defined as a waiting time above 14 days from first consultation at any 
hospital to CEA. The number of CEA procedures of the hospital was not associated with 
hospital dependent delay.

The guidelines of the European Society for Vascular Surgery recommend that patients 
should be operated within 14 days after onset of symptoms.9 From a pathophysiological 
point of view, this is indeed the single most relevant timeframe. Therefore, his timeframe 
was used in previous studies investigating factors associated with delay to CEA. However, 
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when investigating hospital performance in a nationwide audit, which is the primary aim 
of DACI, the time from first consultation at any hospital to carotid intervention is the 
most relevant timeframe. By identifying these patient with high risk of hospital dependent 
delay, identified using data from a large nationwide mandatory clinical audit, hospitals 
can evaluate their protocol accordingly, and this could be used as a recommendation for 
reducing time to intervention for future updates of the abovementioned guidelines.

The factors associated with time from event to CEA, found in previous studies, were TIA 
as index event, ocular symptoms as index event and indirect referral.10-13 Ocular symptoms 
are often not identified as an ischemic event by patients and/or general practitioners, 
therefore pre-hospital dependent delay is inevitable. However, in the present study these 
were identified as a factor for hospital dependent delay, implying that a retinal artery 
occlusion or amaurosis fugax are more difficult to diagnose than a cerebral TIA or infarct 
and therefore are not referred with high urgency. Because of collinearity with ocular 
symptoms, referral by an ophthalmologist was excluded from the logistic regression. 
When comparing the waiting time between ophthalmologist and neurologist, initial 
consultation by ophthalmologist was associated with a higher percentage of a waiting 
time above 14 days. This may imply that more awareness among ophthalmologists is 
needed so that these patients are referred earlier. Another similar factor to previous 
studies is referral. Patients that are referred from a different hospital to a center for CEA 
are associated with higher waiting time. Better referral protocols between hospitals must 
be made to speed up this process. Furthermore, the number of CEA procedures per 
hospital did not affect the waiting time, as also shown in a recently published study.14 
However, low volume hospitals treat relatively more directly referred patients than medium 
or high volume hospitals. When performing a subgroup analysis on indirectly referred 
patients, medium volume hospitals had a statistically significantly higher percentage of 
patients with a waiting time above 14 days than high volume hospitals, while treating a 
similar percentage of indirectly referred patients. This implies that high volume hospitals 
have better logistics within the hospital. Furthermore, a recent meta-analysis showed 
that high volume hospitals have a decreased risk of procedural death and stroke.15 
Therefore, fear of delay to CEA should not stand in the way of referring patients to high 
volume hospitals. To reduce delay, the present authors advise the multidisciplinary teams 
involved in the treatment of symptomatic patients with high degree carotid stenosis 
considered an indication for revascularization, to reduce delay is to review their protocol 
regarding carotid revascularization. As most patients are first examined by neurologists 
or ophthalmologists, multidisciplinary arrangements must be made to safeguard a quick 
referral.
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The present study found that younger age and any previous CEA were additional factors 
when looking solely at hospital dependent delay. A possible explanation for delay 
in younger patients is that a more extensive screening for causes of young stroke is 
performed, which is more time consuming. Another explanation could be that younger 
patients are more likely to have TIA than stroke, which could account for the longer delay. 
As for delay in patients with previous CEA, this could be explained due to the procedure 
itself being more complex after a previous CEA and therefore could be postponed.

Overall, when testing for goodness of fit for the model, there was no evidence that the 
model fits badly. Although the discriminatory power of the model, expressed as the AUC of 
the ROC, was weak, this study has still provided information on which patients are at high 
risk to have a hospital dependent delay although some additional factors not registered in 
the DACI should exist. It is believed these unidentified factors involve logistics within and 
between hospital(s), which could play an important role in succeeding to operate within 
two weeks after presentation, but is difficult to grasp in a nationwide clinical audit. An in-
depth survey will be carried out to further investigate in the near future.

Several limitations can be identified. First, only patients that actually underwent a carotid 
intervention are registered in the DACI. As a consequence, no information is available of 
patients who suffered a stroke while waiting for CEA and were therefore no longer eligible 
for it. Registering these recurrent ischemic events during the waiting time to carotid 
revascularization is necessary to evaluate better the quality of care. Second, two factors 
associated with total delay to CEA identified from the previous studies are not registered 
in the DACI: type of index event (TIA or ischemic stroke) and whether the patient was 
admitted after the index event until the CEA was performed. Lastly, we assumed that the 
factors associated with hospital-dependent delay are attributable to the hospitals, while 
it is still possible that patient factors, such as concerns about the procedure, contribute 
to the delay. However, it is suspected that this type of patient delay only plays a part in a 
small number of patients and that surgeons have a leading role in minimizing the waiting 
time even in these patients.

CONCLUSION
This study, with data from 8620 consecutive patients from a large nationwide prospective 
audit, identified that younger age, previous CEA, ocular symptoms as index event, and 
indirect referral were factors associated with hospital dependent delay. A subgroup 
analysis of patients with ocular symptoms showed that these patients are at higher risk 
of hospital dependent delay when they are primarily presented to ophthalmologists than 
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neurologists. The number of CEA procedures of the hospitals was not identified as a 
factor for delay, however high volume hospitals had more indirectly referred patients with 
similar hospital dependent waiting time, implying that optimization of in-hospital logistics 
is a crucial factor in reducing delay to CEA.
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ABSTRACT
Introduction In symptomatic patients with significant carotid stenosis, a delay in time 
to carotid endarterectomy (CEA) can lead to preoperative recurrent cerebral events. 
Therefore, current guidelines state that patients should be treated within 14 days after 
cerebral event. By identifying factors associated with delay, further reduction of delay 
could be established. Therefore, we performed a systematic review with a meta-analysis 
to identify patient and/or process factors associated with delay to CEA.

Methods The primary endpoint was defined as the time from index event to CEA longer 
than 14 days. Embase, Medline and Cochrane were searched for studies reporting time 
to CEA. After study selection, the QUIPS-tool was used to assess the risk of bias. Meta-
analysis for each factor was assessed using a Mantel-Haenszel test with a random-
effects model.

Results Out of 2019 articles, eleven studies were screened using the QUIPS-tool, after 
which eight were included for further review and six for meta-analysis. No patient factors 
associated with statistically significant delay in waiting time could be identified. As for 
process factors, treatment as inpatient had significantly lower odds of a delay in waiting 
time compared to treatment on an outpatient clinic (OR 0.20, 95% CI 0.09-0.46). However, 
there was a wide variation between the studies of the definition of index event, which can 
affect the identified factors.

Conclusion Delay to CEA is multifactorial and highly dependent on logistical challenges, 
while patient-related factors seem of less influence. Additionally, there is a need for a 
clear definition of an index event leading to CEA to assess the actual waiting time.
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Systematic review on factors associated with delay to CEA

INTRODUCTION
Carotid endarterectomy (CEA) is still the first choice of treatment in patients with a 
recent cerebral event and significant carotid artery stenosis.1,2 Besides symptom status 
and stenosis degree, the timing of the intervention has gained interest in the optimal 
prevention of recurrent cerebral events. The risk of a recurrent event is highest shortly 
after the first event. Within two days, this recurrence risk is estimated 5%, increasing to 
11.2% within 14 days to even 18.6% within 90 days.3 Therefore, the time from the first 
event to revascularization by a CEA should be short in patients indicated for CEA to 
prevent these recurrent neurological ischemic events in the waiting time to surgery. The 
European Society for Vascular Surgery (ESVS) guideline now recommends treatment as 
soon as possible, but at least within two weeks after the first symptoms.4 However, in 
practice, this has been shown a hard target to achieve mainly due to logistical reasons 
and applied definitions of this timeframe.5 Therefore, it is necessary to define which 
patient factors, as well as process factors, are associated with a delay in waiting time. By 
identifying these factors, improvements could be performed to reduce this waiting time 
and reduce the incidence of recurrent events.

Over the last years, several studies have investigated factors associated with this 
delay. However, to this day, neither a systematic review nor a meta-analysis on factors 
associated with a delay in waiting time to CEA has been performed. Therefore, the aim of 
this study was 1) to review the current literature to identify possible factors for the delay, 
and 2) to perform a meta-analysis to investigate which factors are the most decisive to 
reduce the delay.

METHODS

Search and study selection
This systematic review was conducted in accordance with the PRISMA guidelines.6 Studies 
reporting factors influencing waiting time or delay to CEA were identified by searching on 
Medline, Embase and Cochrane on February 26th of 2018. No limits to publication year 
were added. Text box 1 shows the search terms on which we conducted the search in 
Medline, which was similar to the Embase and Cochrane search. Two reviewers (LK, AM) 
independently performed the screening on the title and/or abstract, followed by the full-
text screening separately. Discrepancies between the reviewers resulted in deliberations 
until consensus was reached.
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((exp Time Factors/ or exp time-to-treatment/) and (exp Endarterectomy, Carotid/ 
or exp Carotid Stenosis/su)) OR (((time or timing or delay or day or days or week 
or weeks) adj10 ("carotid revascular*" or Endarterectomy)).ti,ab,kf.)

TEXT BOX 1. Search strategy in Medline.

Inclusion and exclusion criteria
Studies were included if they reported quantitative data on factors associated with 
waiting time to CEA in patients with symptomatic carotid artery stenosis. Studies were 
excluded if they 1) solely included asymptomatic patients, and/or 2) exclusively reported 
on waiting time without further quantitative analysis, and/or 3) were written in any other 
language than English or Dutch. The flow diagram of study selection is shown in Figure 1.

Quality assessment
We assessed the quality of the selected studies using the Quality in Prognosis Studies 
(QUIPS) tool. This scoring tool consists of six domains, on which bias risk is quantified 
as either low, moderate or high risk. These six domains are study participation, study 
attrition, prognostic measurement, outcome measurement, study confounding, and 
statistical analysis.7 Only studies with low risk of bias in all domains or at most a moderate 
risk in one of the domains were selected for final selection and/or meta-analysis.

Definitions
The primary outcome was a waiting time longer than 14 days. This outcome is also called 
a delay to CEA in this study. Waiting time was defined as the time from the event to CEA. 
The specific definition of waiting time, more specifically the description of the index event, 
differed between the studies. Therefore, the definition of waiting time is stated in Table 1 
for each study. A cut-off point of 14 days was chosen because most studies use this cut-
off point, as stated in the ESVS guidelines. Additionally, this makes it possible to perform 
a meta-analysis.

Degree of stenosis was categorized in two groups: moderate stenosis (50 – 69% stenosis) 
versus severe stenosis (70 – 99 %).8

Inpatients were defined as patients that were hospitalized from presentation after event at 
hospital to CEA, and therefore were hospitalized throughout the waiting time to CEA. The 
antonym to inpatients is outpatients, which was defined as patients receiving ambulatory 
care up to admission prior to CEA.
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FIGURE 1 PRISMA flow diagram of the article selection process.

Separately, referral status was categorized in direct referral and indirect referral. A direct 
referral was defined as a referral from a general practitioner (GP) or a specialist within the 
same hospital that performs the CEA. An indirect referral was defined as a referral from a 
neurologist or vascular surgeon from another hospital.

Statistical analysis
For the patient characteristics of all studies, continuous values were expressed as mean 
or median (dependent on their normal and non-normal distribution respectively) and 
nominal variables as counts and percentages.
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Factors associated with delay to CEA that were reported in at least three studies, were 
selected for meta-analysis: age, sex (male versus female), type of index event (transient 
ischemic attack (TIA) versus stroke), degree of stenosis (50-69 % stenosis versus 70-99 
% stenosis), referral source (GP versus emergency department (ED) or other physician) 
and admission status (outpatient versus inpatient). The meta-analyses were performed 
in Review Manager version 5.3. The meta-analyses were performed on each possible 
factor using a Mantel-Haenszel test on the univariate analysis resulting in an odds ratio 
per study (with 95% confidence intervals). A p-value of less than 0.05 was considered 
statistically significant. A random-effects model was applied because of the anticipated 
heterogeneity of study designs and study participants. Heterogeneity between studies 
was tested using I2. Age was categorized in most studies as below or above 70 years old 
or below or above 75 years old. These were pooled together for the meta-analysis, as we 
expect that five years’ difference is not clinically relevant.

RESULTS

Study selection
We identified 2019 unique studies. On screening of title and/or abstract, 1963 were 
excluded for analysis, leaving 56 studies for full-text screening. Of these 56 studies, 43 
studies were excluded (see Figure 1). The remaining 11 studies were assessed for bias 
using the QUIPS tool, of which three studies had a moderate to high risk of bias and were 
therefore excluded from further review and meta-analysis (as shown in Supplement 1). 
Eight studies had a low risk of bias.9-16 Two studies were excluded from the meta-analysis 
because they reported time differences instead of percentages of patients with a waiting 
time longer than 14 days.15,16 As these latter studies did have a low risk of bias, they were 
included for the review.

Patient and study characteristics
A detailed overview of the studies is shown in Table 1. The six studies used a cohort 
design of which all but one were retrospectively investigated.13 Five studies were single-
center studies.9,10,12,14,16 Two studies only included outpatients (i.e., patients that were not 
hospitalized throughout the waiting time).9,11 Additionally, one study only included patients 
of which all of the individually recorded time intervals (such as the time to imaging or the 
time to consultation of the vascular surgeon) were registered.13

The six studies included for meta-analysis included symptomatic patients with a 
moderate to severe carotid stenosis that were treated with CEA between 2003 and 2012. 
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The definition of waiting time varied between the studies, as shown in Table 1. Half of the 
studies took place in Canada, but there was no overlap in patient populations, as these 
studies included patients from different years. The sample size among the studies ranged 
from 92 to 2147 patients, with a total of 3102 patients in all included studies. Out of these 
3102 patients, 72% had a waiting time longer than 14 days after the event. The median 
waiting time to CEA ranged between 25 days to 79 days. The pooled mean age was 71.4 
years, and 2116 patients were male (68%). TIA as the index event was more common than 
ischemic stroke (68% vs 32%), and 85% of patients had a severe stenosis (i.e., stenosis 
of 70-99%).

Patient factors
All studies reported the following patient factors: age, sex, and type of index event. As 
mentioned previously, the latter was defined differently between studies, as shown in 
Table 1. Age was categorized in five studies by either below or above 70 years9-11 or below 
or above 75 years.12,13 These studies were pooled together to categorize for younger age 
and older age with the assumption that the difference in five years does not resemble 
a different patient group. In the pooled analysis, age was not associated with a waiting 
time longer than 14 days after the event (OR 1.00, 95% CI 0.85-1.18, I2 = 0%), as shown in 
Supplement 2. In the remaining study14, age was added as a continuous variable where 
no statistically significant association was found.

There was no statistically significant association between sex and waiting time longer 
than 14 days (OR 1,07, 95% CI 0.90-1.27, I2 = 0%), as shown in Supplement 3.

The type of index event, TIA versus ischemic stroke, was used for analysis in all studies, 
except for one study that used three categories: ocular symptoms, cerebral TIA, or cerebral 
ischemic stroke.10 In this latter study, a statistically significant association was shown 
between cerebral ischemic stroke patients and waiting time within 14 days, compared 
to patients with cerebral TIA (OR 1.73, 95% CI 1.16-2.57). In the pooled analysis with 
the remaining studies, TIA was not associated with a delay in waiting time compared to 
patients with ischemic stroke (OR 1.25, 95% CI 0.63-2.47), as shown in Figure 2. There 
was high heterogeneity between studies (I2 = 70%), which could be due to the different 
inclusion criteria per study (Table 1). Two studies reported cerebral TIA and amaurosis 
fugax (AFx) separately, in which AFx patients had more delay than patients with cerebral 
TIA. However, in the pooled analysis this was not statistically significant (OR 1.67, 95% 
CI 0.58-4.82).
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FIGURE 2 Meta-analysis for association between type of index event and waiting time longer than 
14 days to CEA.

Five out of the six studies reported the degree of stenosis, categorized into two groups: 50 
- 69% stenosis (moderate stenosis) and 70 - 99 % stenosis (severe stenosis). Patients with 
severe stenosis were more likely to have a waiting time longer than 14 days, although this 
was not statistically significant (OR 2.11, 95% CI 0.71- 6.27), as shown in Supplement 4.

Furthermore, in one study, a statistically significant association between ischemic heart 
disease and a delay in waiting time was found with an odds ratio of 1.53 (95% CI 1.09-
2.14, p = 0.014).13

Process factors
Three out of the six studies investigated referral source as a factor associated with 
delay.9,12,13 All studies showed that referral by GP instead of referral through the emergency 
department (ED) was associated with delay. However, our meta-analysis showed no 
statistically significant difference (pooled OR 3.15, 95% CI 0.73 – 13.63), as shown in 
Figure 3. In another study, a referral from one hospital to another hospital performing 
CEA was associated with a delay in waiting time (median 26 days versus 39.5 days when 
directly presented at the hospital performing CEA, p < 0.01).10

FIGURE 3 Meta-analysis for association between referral source and waiting time longer than 14 
days to CEA.
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In two studies, hospitalization after the presenting event was significantly associated 
with less delay in waiting time in the meta-analysis, compared to patients that received 
ambulatory care on an outpatient clinic prior to CEA (OR 0.20, 95% CI 0.09-0.46) 
(Figure 4).9,12

FIGURE 4 Meta-analysis for association between inpatients versus outpatients and waiting time 
longer than 14 days to CEA.

Furthermore, in one study, indirect referral, defined as a referral from a regional hospital 
to another hospital that performs the CEA, was associated with higher odds of a waiting 
time longer than 14 days compared to direct referral (OR 0.33, 95% CI 0.22-0.49).10

Outcomes studies not included in the meta-analysis
Two studies were excluded from the meta-analysis because these had a different type 
of measurement of the outcome, which was a difference in delay expressed in days.15,16 
These studies showed a shorter time to CEA in female patients (median 74 days versus 
109 days in males, p = 0.02) and in patients referred from the ED instead of a GP or other 
specialist (median 24 days versus 43.5 days and 40 days respectively, p = 0.02).

DISCUSSION
This systematic review and meta-analysis showed no statistically significant patient 
factors (such as age, sex, symptom status, and stenosis degree) associated with a delay 
to CEA. Patients that were treated while remaining admitted to a hospital (inpatients) had 
a lower odds of delay to CEA compared with outpatients. Our review also reaffirmed that 
a clear definition of an event, i.e. the start of the waiting time, is lacking.5,10

For most investigated patient factors (age, sex, and degree of stenosis) all included 
studies were conclusively neutral and were therefore very homogenous. In most studies, 
TIA as the index event was associated with a delay to CEA compared to ischemic stroke, 
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except one study in which ischemic stroke led to a delay.11 This could be explained by the 
fact that in this study, patients with AFx were excluded. As we know, patients with AFx are 
often first seen by an ophthalmologist, which leads to a longer delay.17 In the subanalysis 
on type of TIA, both studies showed that AFx was associated with delay compared to 
cerebral TIA, although this was not statistically significant in the pooled analysis. With 
this in mind, we believe that the type of index event could be a possible factor associated 
with delay. An additional factor suggested by our review was ischemic heart disease. This 
is believed to be due to logistical challenges related to additional investigations when 
preparing a patient for surgery.13

As for process factors associated with a delay to CEA, inpatients versus outpatients were 
associated with a shorter delay to CEA (OR 0.20, 95% CI 0.09-0.46). Referral from the ED 
or in-hospital physicians instead of the GP was associated with a shorter delay, although 
this was not statistically significant. However, all included studies favored referral from 
ED instead of GP, but no significant association in the meta-analysis was found, probably 
due to the lack of power. Based on these results, a quick referral is needed under GPs. 
In our opinion, more attention to the semi-acute situation of a patient with a TIA, AFx or 
ischemic stroke who is at risk for a recurrent event is necessary under GPs. Additionally, it 
would be impracticable to treat all these patients as inpatients, however, this emphasized 
that it is essential to treat these patients as in need of semi-acute operations. This 
hypothesis is again supported as deemed “urgent’ patients had a lower median waiting 
time than elective patients (median of 14 days versus 40 days).16

As the logistics from the moment the patient is presented with a neurological event up to 
CEA comprises multiple steps, for instance a visit to the neurologist or ophthalmologist, 
imaging, referral to a vascular surgeon and, the planning of a multidisciplinary team 
meeting, a delay can take place at different stages. In the literature, we found the delay 
to mostly take place in three situations: (in case of referral from neurology) the time to 
assessment by the neurologist18,during the period from vascular imaging to consultation 
of the vascular surgeon9,18, and during the period from surgical referral to CEA16,18. This 
variation in causes of process factors could be explained by the fact that each study had 
a different median waiting time and therefore had a different starting point and/or other 
definition of waiting time with accompanying various logistical difficulties. Additionally, 
improving logistics, such as setting up daily TIA clinics, an acute stroke protocol with 
urgent carotid duplex, immediate referral to an on-call vascular surgeon and the utilization 
of the next available vascular surgical operating list for patients requiring a CEA with, if 
necessary, cancellation of non-urgent other patients, can cause a dramatic decrease in 
the median waiting time to CEA.19
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It is also warranted to reduce these waiting times, as we know that patients with 
symptomatic significant carotid artery stenosis have a higher chance of developing a 
recurrent event. This was also described in two of the included studies9,14, where the 
recurrence rate during the waiting time was respectively 10 and 42%, which was similar to 
percentages that we found in other studies(14-38%)16,20,21. This high recurrence rate could 
have an effect on the eligibility of the patient to be treated with CEA: one study showed 
that 1.5% of patients had a major stroke during the waiting time, making them no longer 
suitable for CEA.21 However, this percentage could even be an underestimation as it was 
not described how these neurological events were captured (self-reported by the patient 
or deduced by re-admission rate). With this in mind, it still remains critical to assess the 
waiting time to CEA to operate these patients before they have a recurrent disabling 
event, after which they are not eligible for CEA.

Our review also showed a wide variation in the definition of the start of the waiting time, i.e. 
the definition of the decisive event. Some studies used the date of initial symptoms (“first 
event”), whereas other studies used the date of the event leading to the CEA (“presenting 
event”), which is usually referred to as the “index event”. This diversity is also reflected in 
the definitions of timing or waiting time used in randomized controlled trials, as shown in 
Table 2. As a result of this variation, it is difficult to acquire a real understanding of factors 
associated with delay, as different factors may be attributed to different timeframes if 
different definitions are being used. Therefore, a universal definition is necessary to make 
equal comparisons. We believe that this depends on which type of research is performed. 
From a stroke prevention perspective, the “first event” must be used as a starting point 
for the waiting time, as from this point the risk of recurrent stroke is highest from a 
pathophysiological point of view. However, if the patient has had more than one event 
before the CEA, the date of the first event can be highly influenced by recall bias of the 
patients as it is likely that they at first did not attribute their symptoms to a stroke or TIA, 
making this reported first event less reliable. A more pragmatic approach that is often 
used is the most recent ischemic event leading to CEA, the event leading to presentation 
and thus “presenting event”. However, this dismisses an entire cohort of patients that had 
recurrent events of which at least one was disabling, making them ineligible for CEA. For 
quality improvement purposes within hospitals, the latter definition of a first presentation 
at the hospital must be used as a starting point of the waiting time, as this is the hospital-
dependent delay, which is based mainly on hospital performance. A recent study from a 
population-based registry in the Netherlands showed that age, any previous CEA, ocular 
symptoms as index event, and indirect referral were associated with a higher probability 
of CEA longer than 14 days after initial presentation at the hospital.17 The association 
between the type of index event and hospital dependent waiting time was also seen 
in one other study, where motor deficit as index event was highly associated with early 
CEA.34
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TABLE 2. Overview of definitions of timing or waiting time used in randomized controlled trials.

Authors (year), 
study name

Number of 
participants*

Years of 
inclusion Journal

Definition(s) timing 
or waiting time

Brooks et al. (2001)22 104 Not 
reported

Journal of the 
American College 
of Cardiology

Time from event to 
revascularization

Ederle et al. (2009), 
CAVATAS23

451 1992 - 1997 Lancet Neurology Time from randomization 
to revascularization

Ederle et al. (2010), 
ICSS (interim analysis)24

1713 2001 - 2008 Lancet Time from most recent 
event to revascularization/
Time from randomization 
to revascularization

Felli et al. (2012)25 150 2008 - 2011 International 
Angiology

All patients were symptomatic 
within the last 3 months

Hoffman et al. 
(2008), BACASS26

20 1998 - 2002 Schweizer Archiv 
Für Neurologie 
Und Psychiatrie

All patients were symptomatic 
within the last 3 months

Kuliha et al. (2015)27 87 2011 - 2013 British Journal 
of Surgery

Time from randomization 
to revascularization

Mas et al. (2006), 
EVA-3528

520 2000 - 2005 New England 
Journal of 
Medicine

Time from qualifying event 
to revascularization/
Time from randomization 
to revascularization

Meschia et al. 
(2015), CREST29

1180 2000 - 2008 Stroke Time from symptoms 
to revascularization/
Time from symptoms 
to randomization/
Time from randomization 
to revascularization

Ringleb et al. 
(2006), SPACE30

1200 2001 - 2006 Lancet Time from randomization 
to revascularization

Steinbauer et 
al. (2008)31

87 1999 - 2002 Journal of 
Vascular Surgery

Not reported

Witt et al. (2007)32 45 Not 
reported

Journal of 
Neurology

Not reported

Yadav et al (2004), 
SAPPHIRE33

96 2000 - 2002 New England 
Journal of 
Medicine

Not reported

*Only symptomatic patients.
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Several limitations have to be addressed. First, the meta-analyses are being based on 
pooled analyses of univariate logistic regression analyses. The pooling of multivariable 
logistic regression analyses was not possible because there was too much difference in 
included factors for regression analyses between studies, making them incomparable. 
Consequently, ORs could not be adjusted for year of inclusion or individual centers (for 
multi-center studies), which could affect the overall effect of that factor on delay to CEA. 
Second, as we had to exclude most studies that investigated factors associated with a 
delay in waiting time as a secondary outcome but showed selective reporting, there is 
a likelihood of selection bias. Third, all included studies are cohort studies with a higher 
median waiting time to CEA than we would expect from general practice. Lastly, there is 
a high likelihood of publication bias because only published data were included in this 
systematic review. On the other hand, this is the first systematic review and meta-analysis 
performed on this current hot topic in the literature.

CONCLUSION
Based on the findings of the current systematic review and meta-analysis, factors 
associated with a delay from index event to CEA are highly dependent on logistical 
difficulties, such as the admission status during this waiting time, and not on patient 
characteristics. It is, therefore, essential to optimize every step in the process from 
patient recognition up until CEA to possibly reduce the risk of recurrent (disabling) 
cerebral events. Furthermore, there is a high need for a universal definition of the start of 
the waiting time as this influences the results of these analyses and should be used for 
future research.
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SUPPLEMENT 2
Meta-analysis for association between age (with a cut-off point of 70 to 75 years) and 
waiting time to CEA longer than 14 days.

SUPPLEMENT 3
Meta-analysis for association between sex and waiting time to CEA longer than 14 days.

SUPPLEMENT 4
Meta-analysis for association between degree of stenosis and waiting time longer than 
14 days to CEA.
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ABSTRACT
Introduction Composite measures may better objectify hospital performance than 
individual outcome measures (IOM). Textbook outcome (TO) is an outcome measure 
which is achieved for an individual patient when all undesirable outcomes are absent. 
The aim of this study was to assess TO as an additional outcome measure to evaluate 
quality of care in symptomatic patients treated with CEA.

Methods All symptomatic patients treated with carotid endarterectomy (CEA) in 2018 
registered in the Dutch Audit for Carotid Interventions were included. TO was defined as a 
composite of the absence of 30 day-mortality, neurological events (any stroke or transient 
ischemic attack (TIA)), cranial nerve deficit, haemorrhage, 30 day-readmission, prolonged 
length of stay (LOS > 5 days) and any other surgical complication. Multivariable logistic 
regression was used to identify covariates associated with achieving TO, which were 
used for case-mix adjustment for hospital comparison. For each hospital, an Observed 
versus Expected number of events ratio (O/E ratio) was calculated and plotted in a funnel 
plot with 95% control limits.

Results 70.7% of patients had a desired outcome within 30 days after CEA and therefore 
achieved TO. Prolonged LOS was the most common parameter (85%) and mortality the 
least common (1.1%) for not achieving TO. Covariates associated with achieving TO were 
younger age, the absence of pulmonary comorbidity, higher haemoglobin levels and TIA 
as index event. In the case-mix adjusted funnel plot, the O/E ratios between hospitals 
ranged between 0.63 and 1.27 with two hospitals revealing a statistically significantly 
lower rate of TO (with O/E ratios of 0.63 and 0.66).

Conclusion In the Netherlands, most patients treated with CEA achieve TO. Variation 
between hospitals in achieving TO could implicate difference in performances. TO may 
be used as an additive to the pre-existing IOM especially in surgical care with low baseline 
risk such as CEA.
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INTRODUCTION
The main focus when evaluating the quality of surgical care is outcome measures.1 Simply 
measuring these outcome measures could lead to improvement in quality of care.2 These 
individual outcome measures (IOM) are undisputedly meaningful, as they refer directly to 
the focus of improvement opportunity. However, they do not reflect the whole process 
of surgical care and therefore do not assess overall hospital performance. Additionally, 
the incidence of IOM in low-risk surgical care, such as the treatment of patients with 
carotid artery stenosis with carotid endarterectomy (CEA), is low with procedural stroke 
and death percentages below five percent. Therefore, IOM are unsuitable to assess 
significant changes in time or differences in complication rates between hospitals. 
Composite measures, consisting of multiple IOM, for instance stroke and/or death, are 
therefore a widely-used tool to assess improvement in outcome in carotid surgery trials.3

In the Netherlands, quality of carotid surgery care is evaluated using a mandatory, 
nationwide, population based registry, the Dutch Audit for Carotid Interventions (DACI) in 
which all consecutive patients undergoing carotid revascularization are registered. The 
first DACI analysis did not reveal much variation between hospitals for IOM, implying 
that the quality of carotid surgery care in the Netherlands is generally good.4 Composite 
measures can theoretically better explain the variation between hospitals in overall 
performance.5 One of these composite measures as described in other surgical fields 
is Textbook Outcome. 6-10 TO is achieved for an individual patient when all undesirable 
outcomes, such as complications, are absent. A difference in TO between hospitals 
implicates a variation in quality of care provided.

The aim of this study was to assess the value of TO as an additional outcome measure to 
evaluate quality of care in symptomatic patients treated with CEA.

METHODS

Patient selection
All patients with symptomatic moderate to severe carotid stenosis undergoing carotid 
endarterectomy (CEA) in 2018 that were registered in the DACI were included in this study.4 
The DACI is managed by the Dutch Society for Vascular Surgery (DSVS), a professional 
national association for vascular surgeons, and facilitated by the Dutch Institute for Clinical 
Auditing (DICA). Patients undergoing carotid artery stenting or asymptomatic patients 
were excluded for analysis as these differ in outcome. As treatment of asymptomatic 
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patients and stenting in general rarely occur in the Netherlands, these subgroups are very 
small. The minimal data requirements were type of surgery, presence of index event and 
the date of CEA, as it was used to determine the year of inclusion. No ethical approval or 
informed consent was required for this study under Dutch law.

Definition of Textbook Outcome and its parameters
The definition of TO was determined by the scientific committee of the DACI, who are 
mandated by the DSVS. It comprises the absence of all the following IOM as registered by 
the DACI: no mortality during admission and/or within 30 days after CEA, no postoperative 
neurological events within 30 days, no postoperative cranial nerve deficit, no postoperative 
haemorrhage, no readmission within 30 days after discharge, no prolonged length of 
hospital stay (LOS) and no other postoperative surgical complications. TO was calculated 
as the number of patients who achieve TO (as a binary outcome) divided by the total 
number of patients included. If the data was missing for one of the parameters of the TO, 
TO could not be achieved.

Postoperative neurological events were defined as either transient ischemic attack 
(TIA), cerebral haemorrhage and/or ischemic stroke, both ipsilateral and contralateral. 
Prolonged LOS was specified as a hospital admission longer than five days, counting 
from the day of CEA. This cut-off point was chosen by the scientific committee of the DACI 
consisting of vascular surgeons mandated by the DSVS. Non-surgical complications (for 
example urinary tract infections or pneumonias) were not part of the definition of the TO 
as nonsurgical complications are potentially interpreted differently by hospitals and at 
risk for over- or underreporting. Additionally, we believe that in the absence of surgical 
complications, prolonged LOS is a better proxy for nonsurgical complications. As severe 
nonsurgical complications will lead to a prolonged LOS, TO will not be achieved in these 
patients.

Other definitions
Pulmonary comorbidity was scored if there were shortness of breath while resting or 
moving due to pulmonary disease and/or visible consolidations and/or signs of fibrosis 
on chest imaging in the medical history. Cardiac comorbidity was defined as presence 
of hypertension, angina, cardiomegaly, cardiomyopathy or abnormalities on ECG (for 
example atrial fibrillation) in the medical history.

Statistical analysis
All statistical analyses were performed with R software (version 1.1.383). Continuous 
values were expressed as mean with standard deviation (SD) and nominal variables 
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as count and percentages. Chi-square test was used to compare categorical data for 
(not) achieving TO. Whitney-U test were used for comparison of the normally distributed 
continuous variables.

Logistic regression analyzes were performed to identify patient characteristics that are 
predictors for achieving TO. The covariates used were: age (in years, continuous), sex, 
pulmonary comorbidity, cardiac comorbidity, any previous CEA, preoperative hemoglobin 
levels (in mmol/L, continuous), creatinine levels (in mmol/L, continuous), systolic blood 
pressure (in mmHg, continuous), type of index event (transient ischemic attack (TIA) 
or stroke). After univariate analysis, covariates with a p-value of <0.1 were included for 
the multivariable regression model. The discrimination of the regression model was 
tested using a receiver operator curve (ROC) to estimate the area under the ROC (AUC). 
Covariates independently associated with TO in multivariable analysis were considered 
relevant case-mix factors and were therefore used for hospital comparison.

To explore the association between volume and achieving TO, hospitals were categorized 
by volume into tertiles: hospitals with less than 35 CEA’s were classified as low volume, 
hospitals with between 35 and 53 CEA’s were classified as medium volume and hospitals 
with more than 53 CEA’s as high volume. The chi-square test was used to compare 
achieving TO on a patient level in the different volume categories.

Additionally, we compared hospitals in achieving TO using funnel plot with 95% 
confidence intervals (CI). The funnel plot was adjusted for the case-mix factors identified 
by the multivariable analysis. On the y-axis, the actual observed number of events are 
divided by the expected number of events (O/E ratio), estimated using the case-mix 
factors, resulting in an O/E ratio for each hospital. On the x-axis, the expected number 
of events are displayed. If the ratio is higher than 1 (illustrated by the dotted line), the 
hospital has more patients with TO than would be expected. If the ratio is lower than 1, the 
hospital has less patients with TO than would be expected and therefore performs worse.

Lastly, as the cut-off point of the prolonged LOS was chosen by the scientific committee 
of the DACI, a sensitivity analysis was performed to investigate whether changes in the 
cut-off point would result in different outlier in TO.
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RESULTS
In total, 2528 patients were registered in 2018 in the DACI. After the exclusion of the 
asymptomatic patients (n=80, 3%) and patients treated with CAS (n=79, 3%), 2374 
patients from 52 hospitals were included in the study, as shown in Figure 1.

n = 2528

n = 2374

Excluded:
Asymptomatic patients (n = 80)

Patients treated with carotid artery 
stenting (n = 79)

All patients treated surgically for carotid artery stenosis in 2018

All patients eligible for analysis

FIGURE 1 Flowchart on inclusion and exclusion criteria.

Rates of complications and TO
Complication rate per IOM and for step-wise addition of parameters for TO are shown 
in Table 1. TO was achieved in 1679 patients (70.7%). Mortality within 30 days after CEA 
was the least frequent parameter (1.1%). Prolonged LOS was the most frequent parameter 
(15%) followed by readmission (10.4%). However, readmission had the highest number of 
missing values (6.3%) with missing rates ranging from 0 up to 91% per hospital. All other 
parameters had missing values below 2%.

Textbook Outcome on patient level
The patient characteristics are shown in Table 2. The mean age was 73 years (with a 
standard deviation of 9 years) and 70% was of male sex. Most patients had cardiac 
comorbidity (75%) and 22% had a pulmonary comorbidity. One hundred-ten patients 
previously had undergone a CEA (either ipsilateral, contralateral or both). Patients more 
often had a TIA as index event than an ischemic stroke.

141343-kuhrij-layout.indd   168141343-kuhrij-layout.indd   168 20/04/2020   10:5220/04/2020   10:52



169

Textbook Outcome for patients treated with CEA

TABLE 1 Complication rate per indicator and step-wise addition of each parameter within TO.

Individual
complication

Build-up
Textbook Outcome

n % n %

All patients 2374

No mortality 2347 98.9% 2347 98.9%

No postoperative neurological event 2313 97.4% 2294 96.6%

No postoperative cranial nerve deficit 2332 98.2% 2254 94.9%

No postoperative haemorrhage 2290 96.5% 2177 91.7%

No readmission 2128 89.6% 1967 82.9%

No prolonged LOS 2018 85.0% 1697 71.5%

No other postoperative surgical complication 2330 98.1% 1679 70.7%

Textbook Outcome 1679 70.7%

Younger age (OR 0.97 per year, 95% CI 0.96 - 0.98), the absence of pulmonary comorbidity 
(OR 0.75, 95% CI 0.62 – 0.93), the absence of cardiac comorbidity (OR 0.79, 95% CI 0.63 
– 0.99), higher haemoglobin levels (OR 1.19, 95% CI 1.09 – 1.29), TIA as index event (OR 
0.75, 95% CI 0.63 – 0.92) were associated with achieving TO. After multivariable analysis, 
younger age (OR 0.97, 95% CI 0.96 – 0.99), the absence of pulmonary comorbidity (OR 
0.76, 95% CI 0.60 – 0.95), higher haemoglobin levels (OR 1.13, 95% CI 1.02 - 1.25) and 
TIA as index event (OR 0.74, 95% CI 0.61 – 0.90) remained statistically significantly 
associated, as shown in Table 2. The area under the curve of the model was 0.60.

Volume and Textbook Outcome
The association between volume of a hospital where the patient was treated with CEA 
and achieving TO was also examined. Patients treated in a middle volume hospitals (35 
– 53 CEA’s) had higher odds of achieving TO than low volume hospitals (OR 1.37, 95% CI 
1.08 – 1.76, p = 0.02). Patients treated in a high volume hospital had an even higher odds 
of achieving TO (OR 1.70, 95% CI 1.34 – 2.16, p < 0.001).
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TABLE 2 Patient characteristics, categorized by achieving Textbook Outcome (no/yes). Reported 
are odds ratios (OR) with 95% confidence intervals (CI) for achieving TO from the multivariable 
analysis. OR with p-values < 0.05 are printed in bold.

Total
n = 2374

No Textbook 
Outcome
n = 695
(29.3%)

Textbook 
Outcome
n = 1679 
(70.7%)

OR
(95% CI) p-value

Age in years
(mean, sd)

73 ± 9.0 74 ± 9.0 72 ± 8.9 0.97
(0.96 - 0.99)

<0.001

Sex (n,%)

Male 1657 (70%) 478 (69%) 1179 (70%) - 0.55

Female 716 (30%) 216 (31%) 500 (30%)

Pulmonary comorbidity (n,%)

No 1772 (75%) 491 (71%) 1281 (76%) 0.76
(0.60– 0.95)

0.02

Yes 513 (22%) 173 (25%) 340 (20%)

Unknown 89 (3.8%) 31 (4.5%) 58 (3.5%)

Cardiac comorbidity (n,%)

No 504 (21%) 129 (19%) 375 (22%) 0.94
(0.73 – 1.21)

0.64

Yes 1825 (77%) 552 (79%) 1273 (76%)

Unknown 45 (1.9%) 14 (2%) 31 (1.9%)

Previous CEA (n, %) 110 (4.6%) 35 (5.0%) 75 (4.5%) - 0.62

Hemoglobin in mmol/L 
(mean, sd)

8.6 ± 1.0 8.5 ± 1.1 8.7 ± 1.0 1.13
(1.02- 1.25)

0.02

Creatinine in mmol/L
(mean, sd)

93 ± 36 94 ± 36 92 ± 36 - 0.44

Systolic blood pressure 
in mmHg (mean, sd)

146 ± 21 147 ± 22 146 ± 21 - 0.64

Type of index event (n,%)

TIA 1261 (53%) 326 (47%) 935 (56%) 0.74
(0.61 – 0.90)

0.003

Stroke 903 (38%) 284 (41%) 619 (37%)

Unknown 210 (8.9%) 85 (12%) 125 (7.4%)

Textbook Outcome on hospital level
The case-mix adjusted funnel plot for the comparison of TO between hospitals is shown 
in Figure 2, using the case-mix factors identified by the multivariable logistic regression 
analysis. The O/E ratios ranged between 0.63 to 1.27 between hospitals. None of the 
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hospitals had a significantly higher rate of patients with TO. Two hospitals had significantly 
less patients with TO with an O/E ratio of 0.63 (hospital A) and 0.66 (hospital B), treating 
44 and 53 patients respectively.
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FIGURE 2 Case-mix adjusted funnel plot of between-hospital variation in Textbook Outcome. The 
dotted line resembles that there are as many events observed as expected. The other two lines are 
the upper and lower control limits. Each diamond shape is a hospital. Hospital A and B (coloured 
red) are negative outliers.

Individual hospital scores for these two hospitals on single outcome indicators and TO 
are shown in Table 3. For both hospitals, readmission was rated highest, subsequently 
leading to a large decrease of patients achieving TO. Of these readmission rates, 61% 
and 91% respectively were caused by missing values.
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TABLE 3 Complication rate per indicator and step-wise addition of each parameter within the TO for 
the two hospitals with significantly lower rates of patients with TO.

Hospital A Hospital B

Individual
%

TO
%

Individual
%

TO
%

No mortality 97.9% 97.9% 98.1% 98.1%

No postoperative neurological event 97.7% 95.5% 92.5% 90.6%

No postoperative cranial nerve deficit 97.7% 95.5% 100% 90.6%

No postoperative haemorrhage 90.9% 88.6% 98.1% 88.7%

No readmission 59.1% 52.2% 58.5% 54.7%

No prolonged LOS 75.0% 40.9% 84.9% 49.1%

No other postoperative surgical complication 100% 40.9% 98.1% 49.1%

Textbook Outcome 40.9% 49.1%

Prolonged length of stay and Textbook Outcome
A sensitivity analysis was performed for the prolonged LOS for 3, 4 and 6 days instead 
of the 5 days chosen by the scientific committee of the DACI. When changing the cut-
off point from 5 to 3, 4 and 6 days, TO was achieved in 56,3 %, 65,8% and 74,7 % 
of all patients respectively. On a hospital level, the change in cut-off point from 5 to 3 
days did change the distribution of hospitals in the funnel plot. The two hospitals that 
were statistically worse performers were still weak performers, however between the 
confidence intervals. Three other hospitals now seemed to be worse performers. In the 
sensitivity analysis for 4 and 6 days, the distribution of the hospitals in the funnel plot did 
not change from the original funnel plot.

DISCUSSION
This study shows that Textbook Outcome as a composite outcome measure can provide 
additional information on the overall care provided in symptomatic patients with carotid 
stenosis treated with CEA. Additionally, when using TO more variation is shown between 
hospitals than IOM as the sample size in each hospital is too low and the baseline risk 
is too low to detect differences between hospitals when comparing on IOM4,11. The 
percentage TO varied between hospitals with O/E ratios from 0.63 to 1.27 with two 
hospitals being negative outliers. Therefore, it can be of added value when evaluating 
hospital performance.

141343-kuhrij-layout.indd   172141343-kuhrij-layout.indd   172 20/04/2020   10:5220/04/2020   10:52



173

Textbook Outcome for patients treated with CEA

In this study, using data from a mandatory nationwide registry, the Textbook Outcome was 
70.7%. A prolonged LOS was the highest rating single parameter with 85%. Prolonged 
LOS can also be caused by undesired outcomes other than those included in our TO 
definitions, such as infections or delirium, which is why we have chosen to add it to the 
TO. Another study showed that patients with a prolonged LOS have a higher one-year 
mortality and therefore prolonged LOS is an important outcome measure.12 As the cut-off 
point for a prolonged LOS was set on five days based on expert opinion, we performed a 
sensitivity analysis using a different cut-off point, i.e. three, four and six days, to assess 
the impact on hospital comparison of TO. When choosing the cut-off point at four or six 
days, the distribution of the funnel plot was similar to the cut-off of five days used in this 
study. When using a cut-off point at three days, there was a change in outlier hospitals. 
This observation could be explained by the fact that in these hospitals more patients are 
treated for postoperative hypertension (which is not registered in the DACI) which can 
lead to hyperperfusion syndrome if not managed correctly or more patients who were 
preoperatively on oral anticoagulants had to be reinstated to therapeutic levels. In these 
examples, the prolonged LOS is to be considered good quality of care. When having a 
LOS of four or higher, no such difference in distribution is seen and is therefore preferred 
as a cut-off point.

Additionally, postoperative hemorrhage was one of the parameters in TO. However, this 
could also be a consequence of following the guidelines on postoperative dual antiplatelet 
therapy correctly.

Another parameter with a high rating was readmission (89.6%). Two hospitals had a high 
readmission rate of 40.9% and 41.5% with high missing rates. In our definition of TO, if one 
of the parameters of TO is missing, TO is not achieved. Therefore, high rates of missing 
values could implicate that hospitals seem to perform significantly worse than they 
might do. A recent study on TO, combining multi-institutional international databases13, 
excluded patients with one or more missing parameters. However, we believe that this 
could initiate reporting bias to a point that it leads to selection of the better patients. This 
would misinterpret the TO by neutralization of the differences between the centers. To 
demonstrate, we analyzed the data while excluding patients with one or more missing 
values on the parameters of TO. In this case, TO rate would be 75.6%. The corresponding 
funnel plot is shown in Figure 3, revealing that all hospitals are within control limits which 
could be due the neutralizing effect as earlier explained. Moreover, our definition of TO, 
which involves treating missing values as if the parameter of TO has occurred, encourages 
hospitals to better register their complications.
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FIGURE 3 Case-mix adjusted funnel plot of between-hospital variation in Textbook Outcome (TO), 
when excluding patients with missing values in one or more parameters. The dotted line resembles 
that there are as many events observed as expected. The other two lines are the upper and lower 
control limits. Each diamond shape is a hospital. Hospital A and B are the hospitals that are negative 
outliers in the case-mix adjusted funnel plot in which missing values were noted as not achieving 
TO (as shown in Figure 2).

The two hospitals that were negative outliers on the TO funnel plot were relatively lower to 
middle volume hospitals. On a patient level, higher volume hospitals were associated with 
achieving TO. A recent systematic review showed that high-volume hospitals have a lower 
risk of postoperative complications after CEA.14 More research is necessary to investigate 
whether centralization can lead to less postoperative complications.

Additionally, this study has identified case-mix factors for fair hospital comparison: 
age, pulmonary comorbidity, haemoglobin levels and type of index event. The latter can 
be explained by the fact that patients with stroke are more prone to have a prolonged 
LOS than TIA patients as they have more severe disabilities. We expected that previous 
CEA would be associated with not achieving TO, as these patients have a higher risk 
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of reintervention and/or wound complications (with consequential prolonged LOS). A 
possible explanation for this could be that the number of patients are too small to cause 
significant effect.

While we have shown that TO is a more reliable outcome measure to evaluate overall 
surgical process, IOM are still essential to identify which means of the process are 
necessary to improve. Therefore, it must be seen as an addition rather than replacement 
of IOM.

There are limitations to this study. First, there were high numbers of missing values in 
the parameter “readmission”. Because these missing values were not equally distributed 
between all hospitals, but were allocated to a specific number of centers, it had a large 
impact on the hospital comparison of TO. The discriminatory power of the model, 
calculated as an AUC of the ROC, was weak. However, as this is a composite measure 
it is impracticable to fit a model very well as different outcome measures have different 
risk factors.15 Another limitation is that each parameter is weighed similarly for TO. For 
example, mortality could be high for a particular hospital whilst other parameters are low, 
therefore that hospital could have a good TO. Therefore, we advise TO to be used as an 
additional outcome measure and not a substitute for each IOM.

Lastly, only patient characteristics and outcome measures that are registered in the DACI 
could be selected, therefore selection bias on the potential case-mix factors and the 
parameters of TO chosen in this study is possible. For instance, diabetes is a risk factor 
for postoperative complications16 and postoperative myocardial infarction is an important 
complication to register17. Both have been added to the DACI in 2019 and can therefore 
not be added to this current definition of TO.

CONCLUSION
In the DACI, a nationwide mandatory prospective registry, the TO rate was 70.7% with 
a broad variation between hospitals. TO as a composite outcome measure for carotid 
surgery could be added to the IOM to better evaluate the overall process of quality of 
care among hospitals. To be of maximum value, registration of parameters, especially on 
readmission should be optimized.
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INTRODUCTION
This thesis has provided insight through auditing in the current status of the acute stroke 
care, including the care involving patients with symptomatic carotid stenosis, delivered in 
the Netherlands and has identified areas to target improvement initiatives.

As mentioned in the Introduction (Chapter I), stroke, which can be categorized in 
hemorrhagic and ischemic stroke, is one of the leading causes of disability and 
mortality. The acute treatment of patients with ischemic stroke (IS) is rapidly evolving. 
The cornerstones of this treatment are intravenous thrombolysis (IVT) and endovascular 
treatment (EVT). In both types of treatment, the patient outcome is very time dependent. 
After the initial acute phase of IS, it has to be determined whether the stroke has arisen 
from a significant carotid stenosis. In that case, surgical removal of the stenosis (carotid 
endarterectomy (CEA)) decreases the risk of recurrent stroke.

As the risk of recurrent stroke is highest immediately after the initial event4, the time to 
treatment is important. In this waiting time, a recurrent event can occur, which can further 
disable the patient. If the disability is severe, the patient is no longer eligible for surgical 
intervention. Therefore, the time to treatment is a very important quality indicator in both 
the acute phase of IS as well as for the subgroup of IS patients with symptomatic carotid 
stenosis. Additionally, the benefit of the surgical intervention (i.e. the prevention of recurrent 
stroke) must outweigh the risk of the surgical intervention itself (e.g. postoperative stroke 
as a result of the intervention). Therefore, lowering the complication rates and minimizing 
variation between hospitals in complication rates are necessary.

PART 1. ACUTE STROKE CARE

Chapter II. First results of the Dutch Acute Stroke Audit
In this chapter, the structure of the Dutch Acute Stroke Audit (DASA) and the results of 2015 
and 2016 were presented. Since 2014, acute stroke patients (approximately 34000 a year) 
are registered in this nationwide clinical audit. The Society of Neurology has been directly 
involved since 2016, after which the DASA focused on patients with ischemic stroke (IS) 
that were presented at the hospital in the acute phase. The goal of this audit became to 
improve the in-hospital time to treatment and therefore improve outcome of patients, as 
“time is brain”, and to reduce inter-hospital variation. The results of this chapter showed 
that in 2016 relatively more patients were treated with IVT or EVT compared with in 2015 
as the percentages increased from 20.4 to 21.7% and from 3.1 to 4.1% respectively. The 
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treatment times, i.e. door-to-needle time (DNT) in IVT and door-to-groin time (DGT) in 
EVT, have shortened from 27 to 25 minutes and from 66 to 64 minutes respectively during 
2015 to 2016. Compared to international studies, these treatment times are very short. 
However, there were still differences between hospitals in time to treatment.

Chapter III. Factors associated with a longer door-to-needle time
In order to further reduce the time to treatment in patients with IS, of which we know 
that it has a positive effect on patient outcome, it is necessary to identify the factors that 
are associated with a longer DNT. By determining these factors, these patient groups 
can be targeted for improvement initiatives. For this study, data from the DASA were 
used. The factors associated with a longer DNT than the median (26 minutes) were 
female sex, presumably due to different symptomatology, and an admission during off-
hours. The latter could be explained by the logistical challenges outside office hours, 
for instance by less availability of staff and/or resources. A short onset-to-door times 
(ODT), i.e. the time from start of symptoms to the presentation at the hospital, correlated 
with longer DNTs, whereas longer ODTs correlated with shorter DNTs. This implies that 
physicians may take more time when the patients are presented early after the onset 
of symptoms and vice versa. The factors differed in patients who had a severe delay 
in time to treatment, for which we used the cut-off point of the 90th percentile of DNT 
(55 minutes). The factors associated with severely delayed DNT were young age, which 
could be explained by the high prevalence of stroke mimics in younger patients, and 
an admission at a comprehensive stroke center (i.e., a center where EVT is performed). 
The latter could be due to the fact that these centers receive more severely affected 
patients with multiple comorbidities. Lastly, we found that a severely delayed DNT was 
also independently associated with in-hospital mortality.

Chapter IV. Improving feedback on time to treatment
Most commonly used for hospital comparison are funnel plots. These plots usually 
have a binary outcome, such as mortality. Additionally, it can also be used for process 
factors, which describe the care that the patient receives or its derivative, such as time 
to treatment. These are usually dichotomized using cut-off points, such as a norm. In 
this chapter, we present a new type of funnel plot for a continuous measure, in this case 
the median DNT, instead of using a cut-off point (e.g. the proportion of patients with a 
DNT above the median value). With this novel funnel plot, we can compare hospitals 
on the whole population instead of the outliers (i.e., the tail of the distribution), which is 
examined when using a proportion above a cut-off point. When comparing the position of 
the hospital in this funnel plot around the median to the position in the funnel plot with the 
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proportion of patients with severely delayed DNT, the distinction can be made whether 
the whole population of that hospital can benefit from improvement initiatives or that the 
specific subgroup of patients with severe delay need to be targeted.

PART 2. SURGICAL CARE FOR PATIENTS WITH 
SYMPTOMATIC CAROTID ARTERY STENOSIS

Chapter V. First results of the Dutch Audit for Carotid Interventions
In the Dutch Audit for Carotid Interventions (DACI), a nationwide clinical audit, all patients 
that are surgically treated for carotid stenosis are registered since 2013. In the Netherlands, 
approximately 2000 patients a year are treated in 52 hospitals. In alignment with the 
nationwide guidelines, only four percent of the patients were asymptomatic and around 
two percent were treated with carotid artery stenting. The mandatory quality indicators of 
the DACI are process indicators, for instance time from the first presentation at hospital 
to CEA (“waiting time”), and outcome indicators, such as postoperative stroke or death. 
The results of 2014 up to and including 2016 were presented in this chapter. Seventy-
five percent of the patients underwent a CEA within two weeks after presentation at the 
hospital. The 30-day/in-hospital postoperative mortality rate was 1.1%. In 3.2% of the 
patients, postoperative stroke occurred. These rates are similar to international rates. In 
the Netherlands, no hospital performed statistically significantly worse on either mortality 
or postoperative stroke and/or death.

Chapter VI. Collaboration between vascular surgeon and stroke 
neurologist with regards to patients that are treated for symptomatic 
carotid stenosis
As 93% of patients are referred by neurologists, the neurologist plays an important 
role in the quality of care provided for symptomatic patients who have an indication for 
treatment with CEA. We conducted a survey to both vascular surgeons and neurologists 
(with response rates of 68% and 80% respectively) to gain insight in the organization of 
the collaboration between both specialties in the Netherlands. The topic was (their view 
on) the collaboration between both specialties in symptomatic patients treated with CEA 
from initial presentation at the hospital until the follow-up after surgery. This involved 
the different decisive points during the route, such as preoperative physical examination 
by a neurologist or a multidisciplinary team meeting to evaluate eligibility of potential 
candidates for surgery. Linking the findings from the surveys to the data from the DACI 
from 2016-2018, we found that low volume hospitals treated significantly fewer patients 
within 14 days than patients treated in medium or high volume hospitals. This implies 
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that medium or high volume hospitals are better organized. We also found that when 
a multidisciplinary team meeting is mandatory for all patients, the likelihood of delay to 
CEA is lower. This implies that having an obligatory multidisciplinary team meeting is a 
proxy for a good overall care path. However, it should be noted that for this study we used 
hospital characteristics as patient characteristics, therefore assuming that all patients are 
treated similarly in a hospital.

Chapter VII. Factor associated with a longer waiting time to CEA
The waiting time to CEA, which is the time from first presentation at the hospital to CEA, 
is a mandatory quality indicator in the Netherlands, at which the cut-off point is set at 
14 days. In this study, we identified factors associated with delay in this timeframe to 
determine which patients are at risk for delay. Patient factors found were younger age 
(which could possibly be due to more extensive screening in young stroke patients), any 
previous CEA (often a more complicated procedure) and ocular symptoms as index event. 
A possible explanation for the latter is that it takes ophthalmologists longer to refer, which 
was also shown in a sub analysis. Indirectly referred patients, i.e. patients referred from a 
primary non-CEA center to another hospital where the CEA was performed, were also at 
risk for delay. The volume of patients treated per hospital was not associated with delay, 
however high volume hospitals had more indirect referrals, implying that their logistics are 
more efficiently organized.

Chapter VIII. Systematic review on factors associated with a longer 
waiting time to CEA
We performed a systematic review with meta-analyses on factors associated with a 
waiting time longer than 14 days. As most studies consider the waiting time as the time 
from the index event, i.e. the event that caused the patient to be presented at the hospital 
after which the indication for CEA was stated, to the CEA, we used this definition for our 
search. In our meta-analyses, we found treatment as an outpatient versus inpatient to be 
associated with a delay to CEA. All other process- and patient factors were not statistically 
significantly associated with delay. However, we did find that the definition of the event 
differed between the studies selected, which we also found in further literature search 
of definitions used in large randomized controlled trials. By using different definitions, 
the studies are not comparable and therefore analyses on the factors associated with 
delay are biased. Therefore, a universal definition is crucial. We believe that in studies for 
quality improvement purposes the in-hospital waiting time should be used, as applied for 
the DACI (Chapter VII). In studies concerning stroke prevention, the first event (and not 
the event leading to presentation) should be used, as, from a pathophysiological point of 
view, the risk of recurrent stroke is highest at that point.
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Chapter IX. Textbook Outcome: a composite outcome measure
As mentioned before in Chapter V, the complication rate of individual outcome measures 
after CEA is low. Therefore, it is difficult to assess worse performers, as in the funnel plot 
no hospitals are positioned outside the upper control limit. However, one could argue 
that individual outcome measures do not reflect the quality of care, as a low mortality 
rate does not imply good quality of care when the same hospital has a high postoperative 
stroke rate. Therefore, the composite outcome measure “Textbook Outcome”, obtained 
when for an individual patient none of relatively common complications occurred, can 
be used. This Textbook Outcome may better objectify hospital performance, which was 
investigated using data from the DACI in this chapter. Textbook Outcome was defined 
as a composite of absence of 30-day mortality, neurological events (any stroke or TIA), 
cranial nerve deficit, re-intervention due to hemorrhage, readmission within 30 days, 
prolonged length of in-hospital stay (LOS > 5 days), and any other surgical complication. 
In the Netherlands, 70.7% of the patients achieved TO in 2018. Prolonged LOS was the 
most common parameter (85%) and mortality the least (1.1%). TO rates differed between 
hospitals (0.63 – 1.27) with two hospitals having statistically significant lower rates of TO 
(after case-mix adjustment). Therefore, in our opinion TO should be added as a quality 
indicator to the individual outcome measures that are already reported.
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CONTINUED DEVELOPMENT OF ACUTE STROKE 
CARE AND IMPLICATIONS FOR AUDITING
This thesis has mainly focused on patients with ischemic stroke (IS) that are treated 
with intravenous thrombolysis (IVT), specifically on the time to treatment with IVT (the 
“door-to-needle time” (DNT)). In the Netherlands, the nationwide median DNT is currently 
24 minutes. This is short compared to other countries worldwide.1-4 This could be 
explained by the fact that we have a national guideline supported by the Dutch Society 
of Neurology, in which a high-urgency stroke code is advocated. Additionally, the median 
DNT per hospital is made public yearly using the data from the DASA, as shown in 
Chapter II. Nonetheless, there are still subgroups of patients that suffer unnecessary 
delay and therefore are at higher risk for a worse functional outcome and higher chance 
of becoming functionally dependent after a stroke. Chapter III has taught us that there 
still are subgroups of patients, for instance, female patients or patients admitted outside 
office-hours, that are at risk for a delay. Hospitals must be aware of this and, if possible, 
adjust their protocol accordingly.

As acute stroke care is evolving, it is becoming more logistically challenging. Before mid-
2018, patients were only treated with IVT when the onset of symptoms was within 4.5 hours 
before treatment. After these 4.5 hours, the benefit of IVT on functional independence 
does not outweigh the higher risk of intracerebral hemorrhage.5 Consequently, patients 
with an unknown time of onset of symptoms were therefore not eligible for IVT treatment. 
For example, patients who wake up with symptoms do not have a known onset, only a 
time of last seen well, and therefore were previously excluded. However, these symptoms 
could have started unnoticed within the timeframe. In August of 2018, the WAKE-UP 
investigators demonstrated that patients with an unknown time of onset of symptoms 
and a “mismatch” on MRI benefit from IVT treatment.6 This mismatch means that on MRI 
an abnormal signal on the diffusion-weighted imaging and no visible signal change on 
the FLAIR is seen. Similar results were shown in the EXTEND trial7, however this trial was 
terminated due to the lack of equipoise after the publication of the results of the WAKE-
UP trial. The consequence of these results is that more patients will be able to receive 
treatment. However, this does mean that MRI needs to be available 24 hours a day, seven 
days a week, to make an adequate indication. This is not the case in all hospitals in the 
Netherlands and therefore either this has to be made possible or a change in logistics is 
necessary.

The second cornerstone of acute stroke treatment is endovascular treatment (EVT). In this 
thesis, we have not focused on this treatment as this was up to recently registered more 
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extensively by the MR CLEAN group. The MR CLEAN trial, from a Dutch investigators 
group, was internationally the first to prove that EVT, additionally to IVT, increases the odds 
of functional independence after stroke8, which was later confirmed by other studies.9 
Thereupon, the National Health Care Institute advised the Ministry of Health Care in the 
Netherlands that EVT should be reimbursed by the basic health care insurance when 
performed in one of the 17 centers that participated in the MR CLEAN registry. Since 
then, two more hospitals have started performing EVT. After the final inclusion in March 
2014 for the randomized controlled trial (RCT), the data of all consecutive patients treated 
with EVT up to 2019 were prospectively registered in a database, including data on 
comorbidities and imaging. Therefore, it was not deemed necessary for all these factors 
to be registered in the DASA as well, except the EVT rate and door-to-groin time used for 
mandatory quality indicators, because the patient outcomes and safety measures were 
monitored throughout the inclusion period and seemed to show similar results to the 
initial results from the RCT.10

Many studies have been performed on a patient-level on the effect of EVT on subgroups, 
such as patients with minor stroke (National Institute of Health Stroke Scale (NIHSS) 
score £5)11, and on factors associated with a delay in door-to-groin time.12 Similar to our 
findings in the delay to IVT, a presentation during off-hours was associated with a delay 
to EVT.13 Additionally, inter-hospital transfers are associated with a large delay and worse 
patient outcomes.14  Patients with symptoms of stroke are often presented at the nearest 
primary stroke center, in which EVT is not performed in most cases, to ensure swift IVT 
treatment if there are no contraindications. When the patient is eligible for EVT, he or she 
is transferred to one of the 19 centers, where IAT is performed, while receiving the rest 
of the IVT (the so-called “drip-and-ship”). However, this referral increases the time to 
treatment with EVT and consequently decreases the odds of functional independence.15 
Therefore, the Health and Youth Care Inspectorate, together with the Dutch Society of 
Neurology, has appointed a new mandatory quality indicator since 2019: the door-to-
door-to-groin time (DDGT) in patients that are transferred for EVT.16 This DDGT is defined 
as the time of presentation in the primary hospital to the time of groin puncture at the 
start of the EVT (as shown in Figure 1) and is made public annually of each EVT center 
using the data from the DASA. This DDGT is, therefore, a composite for all the primary 
centers that refer to that center for EVT. This enables a regional comparison and provides 
insight on the stroke networks in the Netherlands. Furthermore, we are the first country in 
the world to introduce such a quality indicator on a nationwide level. The first results will 
be published later this year. In the future, the intention is to provide feedback on DDGT 
and door-to-door times to the individual primary centers and their neighboring center for 
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EVT. For this, an addendum to the contract between the hospitals and the data controller 
of the DICA is necessary due to the legal aspect of the deanonymization of data from 
different centers. This is planned for 2020.

FIGURE 1 Time to treatment with IAT in transferred patients.

As previously mentioned, the MR CLEAN registry stopped the inclusion of patients at 
the beginning of 2019. As a result, the only information on a nationwide level of patients 
treated with EVT is now being registered in the DASA. Therefore, more variables on EVT 
have been added to the DASA since 2020.

As more research is performed on EVT, similar to IVT, we have learned that some patients 
also benefit from EVT outside the regular timeframe of 6 hours. Two recent trials, the 
DAWN-trial17 and the DEFUSE-3-trial18, showed that EVT is beneficial in patients who 
had been last seen well within 6 to 24 hours after start of symptoms of stroke and on 
CT-perfusion scan a larger area of penumbra (a rim of tissue surrounding the infarct 
core that is at risk for necrosis) than the infarct core volume (non-salvageable brain 
tissue). However, the type of imaging requires time to process and training to interpret the 
images. Therefore, only the academic hospitals and a few large non-academic hospitals 
have attained it up until now.

The recent trials discussed above, concerning IVT and EVT, have resulted that not only 
time is an important eligibility criteria but also, in a selection of patients, the results of 
additional, more complex imaging.19 This calls for changes to the organization of the 
acute stroke care that is logistically complex. If every patient within 24 hours after onset 
of symptoms has to be presented at a hospital with the availability of CT-perfusion, these 
hospitals will overflow with patients, but only a relatively small part of the patients will have 
an indication for EVT (<1%)20 as the patient selection in these trials were very specific.21 In 
routine practice, a recent case series about EVT performed outside these strict inclusion 
criteria after 6 hours showed similar good results.22
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Additionally, there is a need for a good pre-hospital triage instrument to detect large-
artery vessel occlusion so that the patients that have a high likelihood of being eligible for 
EVT are selected for direct transfer to a comprehensive stroke center for EVT.23 Currently, 
a revision of the current nationwide guideline is being developed in which these issues 
will be addressed.

From an auditing perspective, with the necessity of additional imaging and the logistics 
becoming more and more complex, the DNT and DGT are at risk of increasing for all 
patients. Therefore, it is very imperative for these process indicators to proceed being 
monitored on a nationwide level in a clinical audit such as the DASA. Most likely, the DNT 
and DGT will slightly increase with a small increase in the numbers of patients treated. 
However, large regional differences will imply that the implementation process will need 
to be addressed.

The primary outcome in the DASA is the functional outcome scored by the modified 
Rankin scale (mRS) after three months, as used in many clinical trials and observational 
studies.24 This demands that every patient should be followed during these three months. 
In daily practice, a telephone call is made at three months by a research assistant. The 
completeness of the mRs score in the DASA for patients with ischemic stroke was 55% in 
2018 and for patients with intracerebral hemorrhage 50%. When looking at the distribution 
of the mRs-score, it seems that this is biased by selection. As shown in Figure 2, the 
patients with an mRs score of 4 or 5, which signifies high functional dependency, seem 
underrepresented. This could be due to the fact that they were not reached by phone 
while not being at home at three months, which is different in patients that function better 
and are able to visit the outpatient clinic during follow-up.

To achieve a fair comparison between hospitals on patient outcome, the mRs score 
needs to be adjusted for case-mix factors, i.e. patient related factors that influence 
outcome independent of health care delivery. The most important case-mix factor for 
stroke patients is the NIHSS score.25 This score was previously only used in research, but 
not in routine clinical practice. In the DASA, this was registered in 2018 in 43% in patients 
with ischemic stroke and 57% in patients with intracerebral hemorrhage.26 This rate is not 
high enough for it to be used as a case-mix factor. In 2020, both the completeness rate of 
the mRs score and the NIHSS score will be mandatory transparent quality indicators. We 
expect that this will cause an increase in completion rate.

Apart from increasing the completeness, the validity of data should be tested. This will 
take place in 2020 by a data verification project, using a random selection of hospitals.
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Hemorrhagic stroke

Ischemic stroke

modified Rankin scale score (%)

FIGURE 2 Distribution of mRs scores (0 through 6) in patients with ischemic stroke and intracerebral 
hemorrhage.

EVALUATING THE TREATMENT OF PATIENTS 
WITH SYMPTOMATIC CAROTID STENOSIS
The Dutch Audit for Carotid Interventions (DACI) is a successfully implemented mandatory 
clinical audit, in which all consecutive patients surgically treated for carotid artery stenosis 
in the Netherlands are registered (Chapter V). A data verification project, conducted in 
a random selection of hospitals, showed the DACI to be complete and very accurate.27

In the Netherlands, the quality of care of patients treated for symptomatic carotid stenosis 
is high. Each of the 52 hospitals that perform carotid interventions meets the standard 
of at least 20 surgical interventions a year. The mortality and (major) stroke and/or death 
rates in the Netherlands are low. On both these outcome indicators, there are no hospitals 
that perform poorly, which is visualized by the fact that in the case-mix adjusted funnel 
plot they are situated above the upper control limit (Chapter V).

Postoperative event rates in surgeries with low baseline risk, such as CEA, are low and 
therefore it is difficult to distinguish better and poorly performing hospitals based on 
individual outcome measures. Additionally, a hospital could have a high postoperative 
major stroke rate but score within control limits on the mortality funnel plot, which 
for that would be perceived as a well-performing hospital. Therefore, a widely-used 
composite measure is stroke and/or death.28 However, this does not reflect the overall 
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quality of care. Therefore, Textbook Outcome, a composite measure obtained when none 
of the complications occurred, could help distinguish hospitals that overall provide a 
good quality of care (Chapter IX). Textbook Outcome should not replace the individual 
outcome measures, as these provide more insight on which patients should be targeted 
for improvement initiatives.

To identify patient- and clinical factors associated with the most important postoperative 
complications, namely mortality, cerebral hyperperfusion syndrome and stroke, we 
are currently performing a systematic review with meta-analysis. As there is currently 
no nationwide guideline on postoperative monitoring in patients treated with CEA, we 
are conducting interviews in better and poor performing hospitals, based on Textbook 
Outcome, to establish a ‘best practice’, which both will be published later in 2020.

Another quality indicator that we examined in this thesis is the waiting time to CEA. The 
definition of waiting time to CEA in the DACI is the time from the initial presentation at 
any doctor in the hospital up to CEA (in days). This definition is used because this is the 
timeframe in which the hospital is involved and therefore enables fair comparison. The 
nationwide guideline states to aim for at least 80% of the patients to be treated within 
14 days after the first presentation in the hospital. However, one could debate that the 
use of the cut-off point at 14 days is not evidence-based and has been adopted from 
the international guidelines that state that patients should be treated within 14 days after 
index event (and not after first presentation).28 Therefore, the median time to CEA could 
be used as this says more about the whole population than the number of outliers.

In accordance with the quality indicator in the DACI, the cut-off point of 14 days was 
used to identify factors associated with a delay to CEA using the data from the DACI 
(Chapter VII). Factors that were statistically significantly associated with delay seemed to 
all be correlated to logistical factors, such as a referral from another hospital. However, also 
factors such as younger age, previous CEA and ocular symptoms are related to logistics. 
Younger patients often undergo a ‘young stroke protocol’ in which more extensive tests 
are performed to assess the cause of stroke. Patients that have previously undergone a 
CEA usually are referred to an academic center. Patients with ocular symptoms are often 
first presented at the ophthalmologist, which might find it more difficult to diagnose the 
symptoms as stroke or take longer to refer patients to vascular surgeons. Therefore, 
awareness among the ophthalmologist has to increase.

The hypothesis that logistics play a vital role in the delay to CEA was affirmed by the 
survey we conducted (Chapter VI) among vascular surgeons and neurologists. First, 
patients treated in a low volume hospital had a higher likelihood of delay to CEA, implying 
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that medium to high volume hospitals are better organized. Second, patients treated 
in hospitals with an obligatory multidisciplinary team meeting had a lower likelihood of 
delay. This sounds counterintuitive as it may take longer to make the decision about an 
indication for CEA; however, this could be explained that in these hospitals the care path 
is better stipulated. However, it should be noted that for these analyses we used hospital 
characteristics as patient characteristics, therefore assuming that all patients are treated 
similarly in each hospital.

Additionally, we found hospital variation in the percentage of patients treated within 
14 days. As shown in Figure 3, two hospitals perform statistically significantly poor. 
Additionally, a number of hospitals perform, although not statistically significant, better. 
As we believe that this difference might be the result of logistical nature, judging by our 
above-mentioned analyses, we are currently conducting semi-structured interviews 
in these hospitals to determine which factors influence waiting time to CEA positively 
or negatively, so that we can provide a ‘best practice’ that hospitals can implement to 
reduce variation between hospitals.

This definition of waiting time, which starts at the first presentation of the patients at 
the hospital, is different than the definition that is most commonly used in international 
studies. Most authors use the time from index event to CEA, with index event defined as 
the most recent event leading to the presentation at the hospital. This definition is widely 
used as symptomatic patients are at the highest risk for a recurrent event within the first 
weeks after initial TIA or stroke and therefore from a pathophysiological point of view, this 
timeframe is most important.29 However, the terms ‘index event’ and ‘first event’ are often 
used interchangeably. This is false, as a patient could have had (a) initial event(s) before 
the index event, therefore has already surpassed the period of the highest risk. When 
performing analyses with this definition on a patient level, such as factors associated 
with delay to CEA, the population is very heterogeneous as the index event might not be 
the first event. Additionally, by using the index event to measure waiting time, the cohort 
is biased as the patient that had debilitating recurrent strokes are not eligible for surgical 
intervention.

This is what we also discovered when performing a systematic review of factors associated 
with delay to CEA (Chapter VIII). All studies used index event as the start of the waiting 
time. After meta-analyses, no patient factors were found associated with a delay. Solely 
hospitalization during waiting time seemed to result in statistically significant lower odds 
of delay. However, as expected, the definition of index event differed between the studies, 
probably leading to biased conclusions. A universal acceptance of a definition of waiting 
time is necessary in order to not compare ‘apples to oranges’.
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FIGURE 3 Funnel plot of percentage of patients treated within 14 days after first presentation at the 
hospital for each hospital (using data from the DACI from 2018). The red dots are hospitals that have 
statistically significant lower percentages. The green dots are hospitals with higher percentages, 
however not statistically significant.

FUTURE PROSPECTIVES ON CLINICAL AUDITING 
IN STROKE
Auditing can lead to the improvement of health care. For instance, in patients treated 
with IVT, the DNT shortened significantly by using the audit cycle.30 This was supported 
by a large systematic review showed that audit and feedback can lead to potentially 
important improvements.31 In 2020, we are going to examine whether giving performance 
feedback improves the quality of care for patients treated with EVT in the PERFEQTOS 
(“Performance feedback on the quality of care in hospitals performing thrombectomy for 
ischemic stroke”) study. We will use a stepped-wedge cluster randomized controlled trial, 
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as this type of design enables measuring the independent effect of feedback. Every six 
months, an additional cluster of EVT centers is offered extensive performance feedback, 
which consists of a comprehensive dashboard in which they can log in and can receive 
assistance and guidance with setting up a local Quality Improvement Team. We expect 
the results of this study in 2022.

Also, the effectiveness of feedback is highly dependent on the manner of feedback.31 In 
the Netherlands, time to treatment in any clinical audit facilitated by the DICA is reported 
to the hospital as a median time of the hospital and the nationwide benchmark for 
comparison. However, this does not show the hospital whether it performed statistically 
significantly faster or slower. In Chapter IV, we provide a novel funnel plot in which it is 
possible to define whether a hospital has a significantly shorter or longer median time to 
treatment and whether this is due to the fact that they have a higher proportion of patients 
with substantial delay or whether their entire population is receiving the treatment too 
slowly. To illustrate, the DNTs in patients treated with IVT registered in the DASA are used. 
With this, targets for improvement initiatives can be identified. This novel funnel plot will 
be soon implemented in the reports of the DASA.

Additionally, DICA has developed a new interactive dashboard (“Codman dashboard”) 
where treatment and outcome information can be evaluated for specific subgroups, 
based on a selection of patient- or clinical factors. This can help with clinical decision 
making.  Furthermore, specifically for the DASA, a map with the patient flow could be 
added to the dashboard to assess the different networks in the Netherlands in relation to 
referral in patients eligible for EVT and provide insight in the variation between networks.

To maximize the information without increasing registration burden, linkage to other data 
systems is necessary. For instance, if the DASA could be linked to ambulance services, 
it would provide additional time measures, such as the door-in-door-out time for referred 
patients. Additionally, for both registries, it would be beneficial to link the clinical data to a 
dataset that has records on long term survival, such as Vektis. A pilot has been performed 
to test the linkage between Vektis and another clinical audit facilitated by DICA, which 
seemed adequate.32 The other clinical audits, among which the DASA and the DACI, will 
soon as well be linked to Vektis to enable long term survival analyses.

Additionally, it should be possible to gather the data needed for the audits directly from 
the digital patient records and automatically send it to the data processor of the DICA, 
independent of which software system hospitals use. Currently, only a few hospitals 
have implemented this in their digital patient records system. As this is tailor-made for 
that specific hospital, it is not applicable to other hospitals, even if they use the same 
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software system. The manufacturers of the software systems should be pressured by the 
government and the hospitals to produce software in order to gather and send these data 
that can be implemented in every hospital.

Another way to gather information on the quality of care is to compare it to other nationwide 
registries. The Sentinel Stroke National Audit Programme (SSNAP) in England, Wales 
and Northern Ireland33 and Riksstroke in Sweden34 have both had over two decades of 
experience in auditing on stroke patients. A collaboration between SSNAP, Riksstroke 
and the DASA has recently been made and the first meeting has identified possible 
studies that we can do, such as outcomes in young stroke patients. The DACI is a member 
of Vascunet, a subcommittee of the European Society of Vascular Surgery, which is a 
collaboration of vascular registries since 1997.35 The aim is to improve the quality of care 
in patients with vascular diseases in Europe and Australasia. Currently, an international 
comparison on waiting time to CEA is being drawn up in which the DACI participates.

All the abovementioned developments will lead to a more comprehensive quality registry, 
without increasing registration burden, that immediately provides an overview on the 
current quality of care provided by the hospital, regional networks and the Netherlands 
and that provides information that can be used for targeted improvement initiatives.

CONCLUSIONS
This thesis has provided an overview of the quality of care provided to acute stroke 
patients in the Netherlands, including patients with TIA or stroke that were treated with 
CEA. This leads me to the question on the cover of this thesis:

Can we do better?
The answer is: Yes.

The quality of stroke care in the Netherlands is well-organized with a relatively short 
time to treatment. However, inter-hospital variation still exists and the rapidly evolving 
stroke care makes it imperative to keep monitoring via auditing. In patients treated for 
symptomatic carotid stenosis, the waiting time to CEA has decreased over the last 
years, however, there is still room for improvement by focusing on logistical challenges. 
Additionally, the complication rate after CEA in the Netherlands is low, which makes it 
harder to compare hospitals on patient outcomes. By using composite measures, such 
as Textbook Outcome, better and poor performers can be selected. 
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NEDERLANDSE SAMENVATTING/ DUTCH 
SUMMARY

Inleiding

De behandeling van stroke
Stroke is één van de meest voorkomende oorzaken van invaliditeit en mortaliteit. 
Stroke is een verzamelnaam voor hersenbloedingen (20%) en herseninfarcten (80%). 
Een hersenbloeding ontstaat door een scheur in een slagader (arterie) in de hersenen, 
waardoor er bloed in en rond de hersenen komt. De meest voorkomende oorzaken 
van hersenbloedingen zijn langdurige hypertensie (te hoge bloeddruk) en aneurysma’s 
(uitstulpingen van de hersenvaten). Een herseninfarct ontstaat wanneer er te weinig bloed 
in een deel van de hersenen komt, waardoor het hersenweefsel niet genoeg zuurstof 
en voeding krijgt en afsterft. In ongeveer 15% van de herseninfarcten komt dit door 
een stolsel dat vanuit een vernauwing in de halsslagader, ook wel een carotisstenose 
genoemd, naar de hersenen schiet. Deze carotisstenose ontstaat door plaquevorming 
bij slagaderverkalking. De uitvalsverschijnselen zijn afhankelijk van welke slagader(s) in 
de hersenen door het stolsel wordt geblokkeerd. In het geval dat de uitvalsverschijnselen 
binnen 24 uur geheel verdwenen zijn, spreken we van een transient ischemic attack (TIA).

In de acute fase van een herseninfarct zijn er twee behandelingsopties: intraveneuze 
trombolyse (IVT) en endovasculaire trombectomie (EVT). Voor beide behandelingen 
geldt: hoe sneller de behandeling na het ontstaan van de uitvalsverschijnselen wordt 
uitgevoerd, hoe hoger de kans op behoud van functionele onafhankelijkheid.

Bij IVT wordt er een sterk bloed verdunnend middel gegeven via de aderen. IVT kan 
gegeven worden binnen 4,5 uur na het ontstaan van de klachten in bijna elk ziekenhuis 
in Nederland. De behandeltijd binnen het ziekenhuis, dus vanaf de presentatie in het 
ziekenhuis tot het toedienen van IVT, wordt de deur-tot-naald tijd genoemd.

Bij EVT wordt er een katheter via de lies opgevoerd naar de hersenen om het stolsel dat de 
bloedtoevoer blokkeert eruit te trekken. Dit kan binnen 6 uur na ontstaan van de klachten 
worden uitgevoerd in één van de 19 ziekenhuizen in Nederland die deze behandeling 
mogen doen. De behandeltijd binnen het ziekenhuis, dus vanaf de presentatie in het 
ziekenhuis tot het aanprikken van de lies voor de behandeling, wordt de deur-tot-lies tijd 
genoemd.

Indien de oorzaak van een herseninfarct (of TIA) een carotisstenose is, moet deze 
vernauwing operatief worden verwijderd om een nieuw infarct (of TIA) te voorkomen. De 
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meest voorkomende operatie die hiervoor in Nederland wordt uitgevoerd is een carotis 
endarteriëctomie (CEA). Hierbij wordt de halsslagader (carotis) opengemaakt en de 
plaque verwijderd, waardoor er geen vernauwing meer is. Ook hierbij is tijd van belang, 
aangezien het risico op een nieuw infarct het hoogste is in de eerste paar weken na het 
initiële infarct. Zoals bij elke operatie heeft ook de CEA het risico op complicaties, zoals 
een herseninfarct of bloeding. Daarom is het van belang zo veel mogelijk vermijdbare 
complicaties te voorkomen.

Clinical auditing
Het meten en evalueren van de kwaliteit van zorg is één van de speerpunten van het 
Ministerie van Volksgezondheid, Welzijn en Sport. Hiervoor is clinical auditing een 
veelbelovende werkwijze, waarbij gebruik wordt gemaakt van een audit cyclus. Hierbij 
wordt eerst een benchmark (norm) vastgesteld. Vervolgens worden de data in de 
ziekenhuizen verzameld, die daarna worden vergeleken met deze benchmark. Deze 
informatie wordt teruggekoppeld aan de ziekenhuizen die de data hebben ingestuurd. 
Zo kunnen aanknopingspunten voor verbetering worden gevonden. Hierop wordt, indien 
nodig, de benchmark aangepast en begint de cyclus opnieuw. De Dutch Institute for 
Clinical Auditing (DICA) faciliteert 22 landelijke clinical audits, die deze werkwijze hanteren. 
Jaarlijks worden kwaliteitsindicatoren vastgesteld, die per ziekenhuis transparant worden 
gemaakt. Bij DICA zijn er twee audits over de behandeling van stroke patiënten: de Dutch 
Acute Stroke Audit (DASA) en de Dutch Audit for Carotid Interventions (DACI).

In de DASA worden patiënten geregistreerd die op de spoedeisende hulp worden gezien 
met klachten van een herseninfarct of hersenbloeding. De focus van de registratie ligt 
met name bij de behandeling van het herseninfarct, aangezien op dat gebied de meeste 
ontwikkelingen zijn. In de DACI worden patiënten geregistreerd die chirurgisch worden 
geopereerd aan een carotisstenose. In beide registraties worden van elke patiënt 
patiëntkarakteristieken, behandelingsgegevens en uitkomsten opgenomen.

Deel 1. Acute stroke zorg

Hoofdstuk II. Eerste resultaten van de Dutch Acute Stroke Audit
In dit hoofdstuk presenteren we de structuur van de DASA en de resultaten van 2015 
en 2016. Sinds 2014 worden jaarlijks ongeveer 34.000 stroke patiënten in de DASA 
geregistreerd. Het doel van de DASA is om de tijd tot behandeling te verlagen (aangezien 
“time is brain”), de uitkomsten voor de patiënt te verbeteren en de variatie hierin tussen 
ziekenhuizen te reduceren. Van 2015 naar 2016 zien we een toename van het aantal 
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patiënten dat wordt behandeld zowel met IVT als met EVT en kortere behandeltijden 
(i.e. deur-tot-naald tijd en deur-tot-lies tijd). Wel werd er variatie gezien in behandeltijden 
tussen ziekenhuizen.

Hoofdstuk III. Factoren geassocieerd met een langere deur-tot-naald tijd
Het is het noodzakelijk om factoren te identificeren die leiden tot een langere deur-tot-
naald tijd om zo aanknopingspunten voor potentiele verbeterinitiatieven aan te merken. 
Uit onze analyse, waarbij data van de DASA is gebruikt, bleek dat vrouwelijke patiënten 
en patiënten die buiten kantooruren in het ziekenhuis worden gepresenteerd vaker een 
langere deur-tot-naald (d.w.z. boven de mediaan) hebben. Ook is een kortere tijd vanaf 
het tijdstip van ontstaan van klachten tot aan presentatie in het ziekenhuis (ook wel begin-
tot-deur tijd genoemd) geassocieerd met een langere deur-tot-naald tijd en omgekeerd. 
Dit impliceert dat artsen langer de tijd nemen wanneer de klachten net zijn ontstaan. 
Patiënten met een jongere leeftijd (< 50 jaar) en patiënten die werden opgevangen in een 
ziekenhuis waar EVT wordt uitgevoerd hadden een sterk verlengde deur-tot-naald tijd 
(d.w.z. boven het 90ste percentiel).

Hoofdstuk IV. Verbeteren feedback over behandeltijd
Voor het vergelijken van ziekenhuizen op een kwaliteitsindicator worden vaak funnel plots 
gebruikt. Hierbij wordt elk ziekenhuis gevisualiseerd in een grafiek waarbij niet alleen 
wordt getoond hoe een ziekenhuis presteert ten opzichte van andere ziekenhuizen, maar 
ook of een ziekenhuis statistisch significant beter of slechter presteert dan het landelijk 
niveau. Hierbij is de uitkomst vaak binair (bijvoorbeeld overlijden ja/nee) of wordt deze 
binair gemaakt door een afkappunt te kiezen (bijvoorbeeld percentage patiënten met 
een wachttijd boven de 14 dagen). Hierdoor gaat informatie verloren aangezien alleen 
de patiënten worden meegenomen in de analyse die boven het afkappunt liggen. In 
deze studie hebben we een nieuwe funnel plot ontwikkeld waarbij de mediane tijd tot 
behandeling, in dit geval de mediane deur-tot-naald tijd, wordt gebruikt in plaats van een 
afkappunt. Hierdoor kan er informatie worden gegeven over de gehele populatie in plaats 
van het percentage boven het afkappunt. Door de informatie uit deze nieuwe funnel 
plot te combineren met een funnel plot waarbij het 90ste percentiel als afkappunt wordt 
gebruikt, kan het onderscheid worden gemaakt of de gehele populatie kan profiteren van 
verbeterinitiatieven of dat de vertraging in een specifieke groep patiënten voorkomt (in dit 
geval de patiënten met een deur-tot-naald tijd boven het 90ste percentiel).
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Deel 2. Chirurgische behandeling van patienten met symptomatische 
carotisstenose

Hoofdstuk V. Eerste resultaten van de Dutch Audit for Carotid Interventions
Per jaar worden er ruim 2000 patiënten in 52 ziekenhuizen chirurgisch behandeld aan een 
carotisstenose. Deze patiënten worden sinds 2013 geregistreerd in de DACI. In Nederland 
worden bijna alleen patiënten geopereerd waarbij de carotisstenose ook daadwerkelijk 
een TIA of infarct heeft veroorzaakt (ook wel symptomatische carotisstenose genoemd). 
In dit hoofdstuk laten we de resultaten van de DACI in 2014 tot en met 2016 zien. 
Vijfenzeventig procent van de patiënten werd binnen twee weken na de eerste presentatie 
in het ziekenhuis geopereerd. De percentages overlijden en/of herseninfarct dan wel 
hersenbloeding binnen 30 dagen na de operatie waren laag en vergelijkbaar met andere 
internationale audits. Geen van de ziekenhuizen presteerde slecht op beide uitkomsten.

Hoofdstuk VI. Samenwerking neuroloog en vaatchirurg met betrekking tot het 
zorgpad voor patiënten die chirurgisch worden behandeld voor een symptomatische 
carotisstenose
Van alle patiënten die een CEA ondergaan, wordt 93% initieel door de neuroloog gezien. 
De neuroloog vervaardigt beeldvorming (duplex, CTA of MRA) van elke patiënt die 
potentieel in aanmerking komt voor een operatie aan de carotis. Indien er sprake is van 
een significante carotisstenose wordt deze patiënt verwezen naar de vaatchirurg. Ook 
tijdens en na de operatie blijft de neuroloog betrokken. Een goede samenwerking is dus 
noodzakelijk om een goede kwaliteit van zorg te bewerkstelligen. Wij hebben een enquête 
verstuurd naar de vaatchirurgen en neurologen in ziekenhuizen die participeren aan 
respectievelijk de DACI en DASA om inzicht te krijgen in deze samenwerking. Hieruit bleek 
dat de meeste ziekenhuizen wel een protocol hebben waarin het zorgpad omschreven 
staat (92%) en dat in bijna alle ziekenhuizen de neuroloog (of een afgevaardigde) aanwezig 
was tijdens de operatie (84%), maar dat niet elk ziekenhuis een multidisciplinair overleg 
(MDO) vereiste (32%). De bevindingen van de enquête hebben we ook gekoppeld aan de 
klinische uitkomsten gerapporteerd in de DACI. Hierbij werd gevonden dat het hebben 
van een verplicht MDO, waarbij alle patiënten worden besproken die in aanmerking 
komen voor een carotisoperatie, geassocieerd was met een hogere kans om binnen 14 
dagen geopereerd te worden. Dit impliceert dat deze ziekenhuizen een betere logistiek 
hebben, omdat je juist zou verwachten dat het hebben van een verplicht MDO vertraging 
op zou leveren. Geen van de bevindingen in de enquête had invloed op het risico op 
herseninfarct of hersenbloeding na de operatie. Het hebben van een multidisciplinair 
protocol leek echter wel te leiden tot een lagere kans op postoperatief herseninfarct of 
hersenbloeding al was dit niet statistisch significant.
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Hoofdstuk VII. Factoren geassocieerd met een verlengde wachttijd tot CEA
Zoals eerder genoemd, bij patiënten met een symptomatische carotisstenose is het 
risico op een recidief het hoogst in de weken na de initiële TIA dan wel herseninfarct. 
In Nederland is dan ook de wachttijd tot CEA, gerekend vanaf de presentatie in het 
ziekenhuis tot aan de operatie zelf, een verplichte kwaliteitsindicator. Hierbij wordt het 
afkappunt van 14 dagen gebruikt. In deze studie hebben we, vergelijkbaar met hoofdstuk 
III, gekeken naar factoren die invloed hebben op deze wachttijd. Uit deze analyse, waarbij 
we data van de DACI hebben gebruikt, kwam naar voren dat jongere leeftijd, eerdere 
operatie aan de carotis (ongeacht welke zijde), verwijzing vanaf een ander ziekenhuis en 
uitvalsverschijnselen aan het oog als initiële TIA dan wel herseninfarct waren geassocieerd 
met een hoger risico op vertraging. Een mogelijke verklaring voor de laatstgenoemde 
factor is dat oogartsen er langer over doen om de patiënt door te sturen. Het volume 
patiënten dat een ziekenhuis behandelt had geen invloed op de wachttijd, echter zagen 
we wel dat hoog-volume ziekenhuizen meer verwezen patiënten behandelde, wat 
impliceert dat de logistiek hier beter is.

Hoofdstuk VIII. Systematic review over factoren geassocieerd met een verlengde 
wachttijd tot CEA
Aanvullend hebben we gekeken wat in de literatuur al bekend is over factoren die 
geassocieerd zijn met een wachttijd langer dan 14 dagen middels een systematic review. 
Veruit in de meeste studies gebruikte men hierbij de tijd van index event, dat wil zeggen 
de TIA dan wel herseninfarct waarop de diagnose symptomatische carotisstenose werd 
gesteld, tot CEA. Uit de meta-analyses kwam één statistisch significante factor, namelijk 
dat opname gedurende de wachttijd voor een kleinere kans op vertraging zorgde. 
Echter, wat opviel was dat de definitie van index event sterk varieerde tussen de studies. 
Hierdoor zijn de studies niet goed te vergelijken. Een internationaal erkende definitie zou 
dus moeten worden vastgesteld. Wij stellen voor dat voor kwaliteitsevaluatiedoeleinden 
de wachttijd van presentatie tot carotischirurgie zou moeten worden gebruikt, aangezien 
dit het tijdsbestek is waar een ziekenhuis invloed op heeft.

Hoofdstuk IX. Textbook Outcome: uitkomst “volgens het boekje”
Zoals eerder besproken in hoofdstuk 5 is het percentage complicaties laag in Nederland 
en is er geen goed onderscheid te maken tussen ziekenhuizen. Individuele losse 
complicaties zeggen echter niets over de gehele geleverde kwaliteit van zorg. Zo kan 
een ziekenhuis een laag mortaliteitspercentage hebben, maar een hoog percentage 
postoperatieve stroke wat kan leiden tot veel invaliditeit. Het valt te betwisten of dit goede 
kwaliteit van zorg is. Een samengestelde maat zoals Textbook Outcome (TO), die wordt 
vastgesteld voor elke patiënt waarbij geen enkele complicatie heeft plaatsgevonden, kan 
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hier wel voor gebruikt worden. In deze studie werd TO gedefinieerd als de afwezigheid 
van de volgende complicaties: sterfte binnen 30 dagen na de operatie, postoperatieve 
stroke of TIA, hersenzenuwletsel, wondbloeding waarvoor reinterventie, heropname 
binnen 30 dagen, verlengde opnameduur (> 5 dagen) en elke andere chirurgische 
complicatie. Eenenzeventig procent van de patiënten voldeed aan TO. Hierbij waren er 
wel twee ziekenhuizen die significant slechter presteerden, ook na correctie voor case-
mix factoren. TO is dus van toegevoegde waarde bij het evalueren van kwaliteit van zorg.

Conclusie

Is er nog ruimte voor verbetering van zorg voor stroke patiënten?
Het antwoord is “ja”.

Dit proefschrift heeft aangetoond dat bij sommige patiëntengroepen er nog winst te 
behalen is in het reduceren van tijd tot behandeling, wat een positief effect kan hebben 
op het functioneren van patiënten na stroke. Daarnaast biedt dit proefschrift enkele 
handvatten om beter de kwaliteit van de geleverde zorg te evalueren, bijvoorbeeld middels 
een ander type funnel plot (hoofdstuk IV) en samengestelde maten (hoofdstuk IX). Om 
internationale vergelijking mogelijk te maken is het noodzakelijk dat de definities gelijk 
worden getrokken, zodat met valide data met een hogere power meer informatie kan 
verkrijgen over specifieke patiëntengroepen.
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