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Chapter 1

Ischemic stroke
Ischemic stroke is a leading cause of mortality and long-term disability.1,2 In 2010, 16.9
million people suffered from a first stroke worldwide.2 Risk factors associated with ischemic
stroke are advanced age, smoking, obesity, hypertension, dyslipidemia and diabetes
mellitus.3,4 In recent years, significant advances have been made in the management
of acute ischemic stroke, including the implementation of stroke units, intravenous
thrombolysis and endovascular treatment, with beneficial effect on functional outcome.5–9
Nonetheless, a substantial number of patients still suffers from death and disability on
the long-term.2 To further improve long-term outcome after acute ischemic stroke, better
understanding of underlying pathophysiology and enhanced diagnostic options and
prediction of prognosis are needed.
This thesis focuses on two aspects of acute ischemic stroke. The first part concerns the
application of CT imaging in the emergency setting and the prognostic value of CT
angiography and CT perfusion in acute ischemic stroke. The second part addresses the
importance of hyperglycemia as a vascular risk factor, its relation to poor outcome after
ischemic stroke and its influence on cerebral perfusion, building on the CT techniques
that are the focus of the first part of this thesis.

CT imaging in acute ischemic stroke
In patients with suspected ischemic stroke, CT imaging plays a critical role in the
emergency setting. As treatment aimed at reperfusion should be administered as soon as
possible, several questions concerning etiology, diagnosis, prognosis, and therapy need
to be answered in a short period of time. CT imaging may help to answer these questions.
Non-contrast CT is used to exclude intracranial hemorrhage as cause of the symptoms.
Furthermore, early ischemic changes, such as cortical swelling, loss of grey-white matter
differentiation and a hyperdense vessel sign, may be visible on non-contrast CT and may
support the diagnosis of ischemic stroke.10 However, early ischemic changes are often
still absent at the time of CT scanning, as it may take several hours before these changes
become apparent.
In addition to non-contrast CT, CT angiography and CT perfusion are increasingly used
in the diagnostic work-up of patients with suspected ischemic stroke in the emergency
setting.11,12 These techniques can easily be performed after the non-contrast CT within a
5- to 10-minute examination and are faster and more feasible than MRI and have around
the clock availability in stroke clinics worldwide.
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CT angiography provides information about the location and extent of intracranial and
extracranial occlusions or stenosis.13–15 In addition, the presence and patency of the
collateral circulation can be identified.16–18 CT perfusion can help to detect ischemia even
when the non-contrast CT is still normal.19 Perfusion abnormalities can be identified on
the basis of an area with decreased cerebral blood flow and cerebral blood volume, and
increased mean transit time and time to peak enhancement. These measures can help
identify the infarct core and the penumbra, which is the part of the ischemic area that
can still recover if adequate reperfusion is restored within hours after stroke onset.20–23
Furthermore, CT perfusion may also help to distinguish ischemic stroke from stroke mimics
such as a brain tumor, epilepsy or migraine.24,25
Yet, possible disadvantages and risks of the implementation of CT angiography and CT
perfusion in the emergency setting also need to be considered, such as allergic reactions
to CT contrast material and increased radiation exposure.26–28 Another important safety
concern regarding the use of CT contrast material is the potential development of acute
nephropathy.29,30 Acute nephropathy after contrast administration is associated with
increased mortality rates and prolonged hospital stay.30
CT angiography and CT perfusion thus make it possible to support the diagnosis and
extent of ischemic stroke and may help to reject alternative causes. These techniques
may also have additional value in prediction of outcome after ischemic stroke. To assess
this prognostic value, the Dutch acute Stroke Study (DUST) was initiated in 2009.31 The
DUST is a prospective multicenter cohort study in The Netherlands including almost
1400 patients with acute ischemic stroke.32 With the large amount of prospective data
of DUST, several questions related to the use of CT angiography and CT perfusion and
acute ischemic stroke and related risk factors can be answered.
In PART I of this thesis, the following questions related to the use of CT angiography and
CT perfusion are addressed:
1. Can CT angiography and CT perfusion improve prediction of outcome in patients
with acute ischemic stroke?
2. How often does an occluded extracranial carotid artery in the acute stage of ischemic
stroke recanalize and how often does a residual high-grade stenosis remain after
recanalization in patients with acute ischemic stroke?
3. What is the occurrence of acute nephropathy after CT angiography and CT perfusion
in patients with acute ischemic stroke?

11
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Hyperglycemia and acute ischemic stroke
Disturbed glucose metabolism is common in patients with ischemic stroke. Chronic
hyperglycemia as a condition can represent diabetes type I, type II, or prediabetic stages.
The risk of stroke is already higher in prediabetic stages, and diabetes is associated with
a two times increased risk of ischemic stroke.33,34 Apart from being a risk factor for the
occurrence of ischemic stroke, chronic hyperglycemia may also affect functional outcome
after ischemic stroke. Long-term functional outcome is worse in patients with diabetes
compared to those without.35 However, controversy still exists about the association
between all cause chronic hyperglycemia and poor outcome after acute ischemic stroke.
Ischemic stroke itself can also give rise to abnormalities in glucose metabolism.
Hyperglycemia on admission occurs in 30–40 percent of the patients presenting with
ischemic stroke.36 Most of these patients are not known with diabetes.37
This acute hyperglycemia on admission may reflect pre-existent, unrecognised diabetes or
prediabetic stages of impaired glucose metabolism. However, more often it is the result
of a stress response, typically named stress hyperglycemia.38 Glucose concentrations
are raised in people with stress hyperglycemia but revert to normal after discharge from
hospital.38 Although high levels of glucose on admission do not distinguish between
stress hyperglycemia and diabetes, raised amounts of hemoglobin A1c in the acute stage
could help to identify people with pre-existent chronic hyperglycemia (e.g., diabetes or
prediabetic stages).38,39
High glucose levels in the acute stage of ischemic stroke are associated with increased
mortality and poor functional outcome.37 Moreover, patients with admission hyperglycemia
tend to have larger infarct volumes than patients with normal glucose levels.40,41 Several
mechanisms have been identified through which hyperglycemia could aggravate cerebral
damage in ischemic stroke, including impaired recanalization and reperfusion injury.42 With
regard to abnormalities in cerebral perfusion, hyperglycemia is likely to affect salvage
of the penumbra. However, the course and timing of this process are still unknown.42
PART II of this thesis focuses on two questions related to hyperglycemia in patients with
acute ischemic stroke:
1. Is chronic hyperglycemia prior to acute ischemic stroke related to poor functional
outcome and how is acute hyperglycemia on admission involved in this relation?
2. What is the influence of acute admission hyperglycemia on cerebral perfusion, final
infarct volume and outcome in acute ischemic stroke?

12
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OUTLINE OF THE THESIS
PART I – CT imaging in acute ischemic stroke
Chapter 2 addresses whether CT angiography and CT perfusion can predict clinical
outcome after acute ischemic stroke. We first relate several individual CT angiography
and CT perfusion parameters to clinical outcome. Next, we determine if CT angiography
and CT perfusion have additional value on top of other predictors of clinical outcome
that can easily be collected in the emergency setting.
With the availability of CT angiography in the emergency setting, an acute occlusion
of the extracranial carotid artery is regularly found. Recanalization after an occlusion in
the acute stage may occur more commonly than previously assumed.43 If a high-grade
stenosis persists after recanalization, this may have important implications for subsequent
treatment because the recurrence rate of ischemic stroke in patients with high-grade
stenosis is significant.44,45 Therefore in Chapter 3, we study the frequency of residual highgrade stenosis on follow-up imaging in patients with an acute symptomatic occlusion of
the extracranial carotid artery.
As CT angiography and CT perfusion are increasingly used in the emergency setting,
this increases the risk of potential complications. Chapter 4 addresses the occurrence of
acute nephropathy as one of the possible complications after CT angiography and CT
perfusion. In the emergency setting, renal function is often still unknown when patients with
suspected ischemic stroke undergo CT angiography and CT perfusion. However, waiting
for the renal function laboratory results before starting treatment may cause unacceptable
delay in the acute stage of ischemic stroke. Therefore, more clarity is needed regarding
the risk of acute nephropathy after contrast administration after CT imaging in the acute
stage of ischemic stroke.

PART II – Hyperglycemia and acute ischemic stroke
Chapter 5 provides an overview of the interplay between glucose metabolism and acute
ischemic stroke and focuses on clinical implications for prevention and management in
the acute stage. We address the epidemiology of the association between diabetes,
admission hyperglycemia and ischemic stroke, highlighting potentially modifiable risk
factors and long-term outcome.
Acute hyperglycemia on admission is an independent predictor of poor functional
outcome.37 By comparison, there is conflicting evidence on the association between

13
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chronic hyperglycemia and poor outcome.46–50 In Chapter 6, we sought to determine
if chronic hyperglycemia is associated with poor functional outcome in patients with
acute ischemic stroke. In addition, we evaluate the role of vascular risk factors and acute
hyperglycemia on admission in this context.
While the association between acute hyperglycemia on admission and poor outcome
after ischemic stroke is well established,37 the pathophysiology underlying this association
remains unclear. Abnormalities in cerebral perfusion, such as reduced penumbral salvage,
have been suggested to play an important role.42
It is unknown if cerebral perfusion is already compromised in the acute stage of ischemic
stroke and how this is related to final infarct volume. For the development of future
therapeutic interventions, further insight in the underlying mechanism of hyperglycemia
and cerebral perfusion is required. In Chapter 7 and Chapter 8, we explore the association
between hyperglycemia on admission and cerebral perfusion in the acute stage of ischemic
stroke. Chapter 8 additionally assesses the effect of hyperglycemia on admission on final
infarct volume and functional outcome.
In Chapter 9, we discuss the research presented in this thesis and its implications for
clinical practice and future research.
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ABSTRACT
Background
CT angiography (CTA) and CT perfusion (CTP) are important diagnostic tools in
acute ischemic stroke. We investigated the prognostic value of CTA and CTP for
clinical outcome and determined whether they have additional prognostic value
over patient characteristics and non-contrast CT (NCCT).
Methods
We included 1374 patients with suspected acute ischemic stroke in the prospective
multicenter Dutch acute stroke study. Sixty percent of the cohort was used for
deriving the predictors and the remaining 40% for validating them. We calculated
the predictive values of CTA and CTP predictors for poor clinical outcome (modified
Rankin Scale score 3–6). Associations between CTA and CTP predictors and
poor clinical outcome were assessed with odds ratios (OR). Multivariable logistic
regression models were developed based on patient characteristics and noncontrast CT predictors, and subsequently CTA and CTP predictors were added.
The increase in area under the curve (AUC) value was determined to assess the
additional prognostic value of CTA and CTP. Model validation was performed by
assessing discrimination and calibration.
Results
Poor outcome occurred in 501 patients (36.5%). Each of the evaluated CTA
measures strongly predicted outcome in univariable analyses: the positive predictive
value (PPV) was 59% for Alberta Stroke Program Early CT Score (ASPECTS) ≤7
on CTA source images (OR 3.3; 95% confidence interval (CI) 2.3–4.8), 63% for
presence of a proximal intracranial occlusion (OR 5.1; 95% CI 3.7–7.1), 66% for
poor leptomeningeal collaterals (OR 4.3; 95% CI 2.8–6.6), and 58% for a >70%
carotid or vertebrobasilar stenosis/occlusion (OR 3.2; 95% CI 2.2–4.6). The same
applied to the CTP measures, as the PPVs were 65% for ASPECTS ≤7 on cerebral
blood volume maps (OR 5.1; 95% CI 3.7–7.2) and 53% for ASPECTS ≤7 on mean
transit time maps (OR 3.9; 95% CI 2.9–5.3). The prognostic model based on patient
characteristics and NCCT measures was highly predictive for poor clinical outcome
(AUC 0.84; 95% CI 0.81–0.86). Adding CTA and CTP predictors to this model did
not improve the predictive value (AUC 0.85; 95% CI 0.83–0.88)). In the validation
cohort, the AUC values were 0.78 (95% CI 0.73–0.82) and 0.79 (95% CI 0.75–0.83),
respectively. Calibration of the models was satisfactory.
Conclusions
In patients with suspected acute ischemic stroke, admission CTA and CTP
parameters are strong predictors of poor outcome and can be used to predict
long-term clinical outcome. In multivariable prediction models, however, their
additional prognostic value over patient characteristics and NCCT is limited in an
unselected stroke population.
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INTRODUCTION
Ischemic stroke is an important cause of death and long-term disability. When a patient
is admitted to the hospital with symptoms of acute ischemic stroke, the possibilities for

2

acute treatment need to be considered and the underlying cause should be identified.
Early individualized assessment of expected clinical outcome can help to guide treatment
decisions.
CT angiography (CTA) and CT perfusion (CTP) may play an important role in answering
these questions. CTA offers the possibility to visualize the location, extent, and aspect of
an arterial occlusion, may reveal important information about the collateral circulation, and
depicts the extracranial vessels from the aortic arch.1–3 With CTP, various tissue perfusion
parameters can be used to differentiate reversible from irreversible ischemic brain tissue.4–6
Moreover, CTA and CTP can guide patient selection for intra-arterial treatment.7–11
In addition to providing diagnostic information and guiding therapy, CTA and CTP can
also be used to predict clinical outcome. However, this has not been studied in large
prospective series of unselected patients with acute ischemic stroke. We aimed to assess
the prognostic value of CTA and CTP, and whether they could improve the prediction
of clinical outcome in prognostic models also including patient characteristics and noncontrast CT (NCCT) measures.

METHODS
Study population
The Dutch acute stroke study (DUST) was a prospective observational cohort study in 6
university and 8 non-university hospitals in The Netherlands. Patients older than 18 years
were included between May 2009 and August 2013 if they had symptoms suspected to
be caused by ischemic stroke. Inclusion criteria were symptom duration <9 hours, and
National Institutes of Health Stroke Scale (NIHSS) ≥2, or ≥1 if intravenous thrombolysis
with recombinant tissue type plasminogen activator (IV-rtPA) was indicated. Patients were
not eligible if another diagnosis on NCCT such as intracranial hemorrhage explained
the symptoms. Patients with an unknown onset time were included if the elapsed time
between the time they were last seen without symptoms and imaging was <9 hours. All
patients underwent neurological examination, NCCT, CTA, and CTP.
The cohort was split in 2 separate groups. The first group was used to perform all univariable analyses and to make the multivariable prediction models (derivation set). This group
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consisted of the first 60% of the patients, based on the date of inclusion. The second
group consisted of the remaining 40% of the patients and was used for the validation of
the models (validation set). With this approach, we were able to develop the prediction
models and to assess their validity in one single study. Ethical approval was obtained from
the medical ethics committee of the University Medical Center Utrecht, The Netherlands,
in addition to obtaining local approval from participating hospitals. Informed consent was
obtained from patients or their legal representatives. The medical ethics committee waived
the need for informed consent for patients who died before informed consent could be
obtained. A detailed description of the study protocol has been published previously.12

Patient characteristics
Patient characteristics that were used as predictors were age, stroke severity (quintiles of
NIHSS), time from onset to imaging (hours), dependency prior to the stroke symptoms
(modified Rankin Scale (mRS) score of 3–6), glucose level (in mmol/L), and whether
treatment had been given (either IV-rtPA, intra-arterial thrombolysis (IAT), mechanical
thrombectomy (MT), or any combination).13–18

Imaging predictors
All admission scans were assessed in the University Medical Center Utrecht, The
Netherlands, by an observer with at least 5 years of experience in neurovascular imaging
(from a pool of 3 observers). Except for the side of the symptoms, observers were blinded
for all clinical information, including follow-up scans and clinical outcome.12 CTA and CTP
imaging were performed on 40- to 320-detector CT scanners (Philips, Siemens, GE, Toshiba).
Depending on the hospital and CT scanner, NCCT was performed with 120 kV, 300–375
mAs, and 5 mm slice thickness. CTP scans were generally performed with 80 kV, 150 mAs,
and 5 mm slice thickness. Forty milliliter of non-ionic contrast material followed by 40 ml
of saline were injected with a flow of 6 ml/s. Images were acquired every 2 seconds for 50
seconds after the initiation of contrast injection. The Alberta Stroke Program Early CT Score
(ASPECTS) was used to quantify the amount of ischemia.19,20 CTP coverage, ranging from
40 mm to full brain coverage, included at least the basal ganglia up to the lateral ventricles
to ensure that both ASPECTS levels were included. If a stroke in the posterior circulation
was suspected, the CTP slab was lowered to include the posterior circulation ASPECTS
(pcASPECTS) levels.3,12 For CTA, from aortic arch to cranium vertex, 50–70 ml of contrast
material followed by 40 ml of saline was injected with a flow of 6 ml/s. The scan delay after
contrast injection was calculated either from the time to peak arterial enhancement on
CTP, or by a trigger based on Hounsfield unit threshold measurement in the aortic arch.
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NCCT predictors
NCCT predictors included the presence of a hyperdense vessel sign and an ASPECTS
≤7.18–21 In case of a posterior circulation stroke, pcASPECTS was used.3

2

CTA predictors
CTA source images (CTA-SI) were evaluated to detect brain tissue with diminished contrast
enhancement, corresponding to ischemic areas with diminished tissue perfusion. ASPECTS
≤7 on these CTA-SI was used as a predictor (or pcASPECTS in case of a posterior circulation
stroke). Other CTA predictors included the presence of a proximal intracranial occlusion
(either intracranial internal carotid artery, M1 segment, P1 segment, or basilar artery),
poor enhancement of leptomeningeal collateral circulation (<50% of affected territory),
and the presence of a >70% stenosis/occlusion in either the internal carotid, vertebral,
or basilar artery, supplying the affected (symptomatic) brain area.1–3,22,23

CTP predictors
CTP predictors were ASPECTS ≤7 on cerebral blood volume (CBV) and mean transit time
(MTT) maps (or pcASPECTS in case of a posterior circulation stroke), penumbra and infarct
core size (cm2), and penumbra/infarct core index (penumbra size / (penumbra + infarct
core size)).6,24 The software for CTP post-processing (Extended Brilliance Workstation
version 4.5, Philips Healthcare) has been validated previously.24 Based upon previously
reported MTT and CBV thresholds for this CTP post-processing software, thresholddefined penumbra and infarct core maps were calculated.24 The total ischemic area was
defined as the area with an MTT ≥145% compared to the contralateral hemisphere. Within
this area, infarct core was separated from the penumbra by a CBV value <2.0 ml/100 g.
Differences in CTP coverage were accounted for by using the sum of penumbra and infarct
core size on both ASPECTS levels, and by calculating the penumbra/infarct core index for
these 2 levels. In the multivariable analyses, the infarct core size was used instead of the
penumbra size and penumbra/infarct core index, because it had the strongest predictive
value for poor clinical outcome in univariable analyses.

Clinical outcome
The primary outcome measure was poor clinical outcome after 90 days. Poor outcome
was defined as a score of 3–6 on the mRS.25 The 90-day mRS was collected over phone
by a trained research nurse or neurologist.26
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Analyses
Univariable models
In the derivation set, logistic regression was used to assess the relation between each of
the patient characteristics and CT predictors, and clinical outcome. This was expressed
in odds ratios with 95% confidence interval (CI). We calculated the positive predictive
value (PPV) for all predictors, indicating the probability of poor clinical outcome if the
predictors are abnormal. Single imputation was performed to deal with missing values.
To minimize the effect of outliers, continuous predictors were truncated at the first and
99th percentile.27

Multivariable prediction models
To assess whether CTA and CTP could improve the predictive value of patient characteristics and NCCT measures, different multivariable logistic regression models were fitted in
the derivation set. The first model included patient characteristics and NCCT measures. In
the next 2 models, we added either CTA or CTP predictors to the first model. In the final
model, we added both CTA and CTP predictors to the model with patient characteristics
and NCCT. Penalized maximum likelihood estimation was used to correct for optimism
and shrink the model coefficients. The optimal penalty factor was obtained by maximizing
the penalized Akaike’s Information Criterion.27
Discrimination, which is the ability to differentiate between patients with good and poor
outcome, was assessed with receiver operator characteristics (ROC) analyses and their
corresponding area under the curve (AUC). Differences in AUC values were tested for
statistical significance.28 Calibration, which reflects the agreement between predicted
probabilities and actual (observed) outcomes, was evaluated with calibration plots.
Goodness-of-fit was tested with the Hosmer-Lemeshow test. The multivariable prediction
models were validated in the validation set. Statistical analyses were performed with R
version 3.0.2.

RESULTS
In total, 1476 patients were included in the study (Figure 2.1). Eighty-three patients (6%)
were excluded because scan data were incomplete and 19 patients (1%) were excluded
because of missing mRS scores at 90-day follow-up. The remaining study population
consisted of 1374 patients. Poor clinical outcome at 90 days occurred in 501 patients
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All patients fulfilling inclusion criteria
n=1476

2

Scan data
irretrievable
n=83

Admission imaging available
n=1393

Missing
outcome data
n=19

Patients included in the analyses
n=1374

Derivation set
n=824

Validation set
n=550

Figure 2.1. Flowchart depicting the number of patients included in the study and remaining for
the analyses.

(36%). Abnormalities on CTA and CTP were very common and ranged from 13% (172
patients) for the presence of poor leptomeningeal collaterals to 39% (510 patients) for
ASPECTS ≤7 on MTT maps. The discharge diagnosis was ischemic stroke in 1223 patients
(89%). The proportion of patients with a posterior circulation stroke was 18% (247 patients).
Additional baseline characteristics are presented in Table 2.1.
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67.2 (14.2)
788 (57.4)
6 (3-12)
82 (6.0)
118 (74–189)
861 (62.7)
80 (5.8)
372 (29.8)
6.6 (5.8–8.0)
157.6 (28.9)
85.8 (17.2)
335 (24.6)
711 (52.4)
206 (15.1)
447 (33.6)
175 (12.9)
283 (20.6)
10 (10–10)
123 (9.1)

Stroke severity (NIHSS)

Pre-admission mRS >2

Time from symptom onset to scan (minutes)

IV-rtPA

Endovascular treatment (with or without IV-rtPA)

Smoking

Glucose (mmol/L)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Medical history
Ischemic stroke or TIA
Hypertension
Diabetes
Hyperlipidemia
Atrial fibrillation

Non-contrast CT findings
Hyperdense vessel sign
ASPECTS†
ASPECTS ≤7†

All patients
(n=1374)

Male sex

Baseline characteristics

Age (years)

Table 2.1.

190 (23.1)
10 (10–10)
83 (10.2)

204 (24.9)
447 (54.8)
127 (15.5)
266 (33.2)
101 (12.5)

85.2 (17.0)

156.5 (27.9)

6.6 (5.8–7.9)

226 (30.2)

53 (6.4)

526 (63.8)

115 (73–182)

48 (5.9)

7 (3-13)

480 (58.3)

67.7 (14.1)

Derivation set
(n=824)

93 (16.9)
10 (10–10)
40 (7.4)

131 (24.2)
264 (48.8)
79 (14.5)
181 (34.2)
74 (13.6)

86.6 (17.6)

159.2 (30.3)

6.7 (5.8–8.3)

146 (29.1)

27 (4.9)

335 (60.9)

124 (76–197)

34 (6.2)

5 (3-11)

308 (56.0)

66.5 (14.1)

Validation set
(n=550)
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10 (8–10)
286 (21.9)
9 (5–10)
510 (39.1)
648 (49.3)
21.5 (8.5–39.0)
6.4 (1.5–20.5)
0.84 (0.55–1.00)
1223 (89.4)
85 (6.2)
60 (4.4)
501 (36.5)

CT perfusion findings
CBV ASPECTS†
CBV ASPECTS ≤7†
MTT ASPECTS†
MTT ASPECTS ≤7†
Perfusion deficit in MCA territory
Penumbra size (cm2)*
Infarct core size (cm2)*
Penumbra/infarct core index*

Discharge diagnosis
Ischemic stroke
Transient ischemic attack
Non-ischemic

Clinical outcome
Poor outcome at 90 days (mRS 3–6)

292 (35.4)

734 (89.4)
49 (6.0)
38 (4.6)

10 (8–10)
178 (22.8)
9 (5–10)
317 (40.5)
396 (50.4)
20.5 (8.3–37.6)
7.0 (1.7–22.2)
0.81 (0.51–0.99)

10 (9–10)
149 (18.4)
219 (27.0)
108 (13.3)
149 (18.6)

209 (38.0)

489 (89.4)
36 (6.6)
22 (4.0)

10 (8–10)
108 (20.7)
9 (5–10)
193 (37.0)
252 (47.7)
24.7 (8.7–43.5)
4.9 (1.0–19.4)
0.87 (0.60–1.00)

10 (9–10)
98 (18.1)
128 (23.6)
64 (11.8)
96 (17.9)

All data are displayed as mean (SD), median (interquartile range) or n (%). †ASPECTS was used for patients with suspected anterior circulation stroke, and
posterior circulation ASPECTS was used for patients with suspected posterior circulation stroke. * In patients with perfusion deficit in the MCA territory.
NIHSS indicates National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IV-rtPA, intravenous thrombolysis with recombinant tissue type
plasminogen activator; IAT, intra-arterial thrombolysis; ASPECTS, Alberta Stroke Program Early CT Score; CBV, cerebral blood volume; MTT, mean transit
time; MCA, middle cerebral artery.

10 (9–10)
247 (18.3)
347 (25.6)
172 (12.7)
245 (18.3)

CT angiography findings
CT angiography source images ASPECTS†
CT angiography source images ASPECTS ≤7†
Proximal intracranial occlusion
Poor leptomeningeal collaterals
Significant carotid or vertebrobasilar stenosis/occlusion
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Univariable models
Results of the univariable analyses showed that all evaluated CTA measures strongly
predicted clinical outcome (Table 2.2). On CTA, the strongest predictors were poor
leptomeningeal collaterals and the presence of a proximal intracranial occlusion, which
had PPVs of 66% and 63% for poor clinical outcome, respectively. The investigated CTP
measures were also highly predictive for poor clinical outcome (Table 2.2) with the highest
PPVs for ASPECTS/pcASPECTS ≤7 on CBV and MTT maps, and infarct core size ≥4.8 cm2
(PPV 65%, 53%, and 55%, respectively).
The strong predictive value of CTA and CTP measures across the full spectrum of mRS
scores is illustrated in Figure 2.2. Results of the univariable analyses for the predictive
value of patient characteristics and NCCT measures are provided in Table 2.3.

Table 2.2. Univariable analyses between CT angiography and CT perfusion measures and poor
clinical outcome (n=824)
Predictor

OR (95% CI)

PPV

CT angiography source images ASPECTS ≤7†

3.32 (2.31–4.78)***

59%

Proximal intracranial occlusion

5.13 (3.69–7.14)***

63%

Poor leptomeningeal collaterals

4.30 (2.80–6.59)***

66%

Significant carotid or vertebrobasilar stenosis/occlusion

3.21 (2.23–4.60)***

58%

5.14 (3.66–7.22)***

65%

3.90 (2.89–5.27)***

53%

CT angiography measures

CT perfusion measures
CBV ASPECTS ≤7†
MTT ASPECTS ≤7

†

Penumbra size (per SD; 18.7 cm )
Lowest tertile (0.0 cm2)
Middle tertile (0.0–11.5 cm2)
Highest tertile (≥11.5 cm2)

1.70 (1.46–1.97)***

Infarct core size (per SD; 13.7 cm2)
Lowest tertile (0.0 cm2)
Middle tertile (0.0–3.9 cm2)
Highest tertile (≥3.9 cm2)

1.93 (1.65–2.25)***

Penumbra/infarct core index (per SD; 28.4%)
Lowest tertile (≤82.3%)
Middle tertile (82.3–100%)
Highest tertile (100%)

0.60 (0.52–0.69)***

2

23%
41%
51%
22%
36%
55%
53%
41%
22%

ASPECTS was used for patients with suspected anterior circulation stroke, and posterior circulation
ASPECTS was used for patients with suspected posterior circulation stroke. OR indicates odds ratio;
CI, confidence interval; PPV, positive predictive value; ASPECTS, Alberta Stroke Program Early CT
Score; CBV, cerebral blood volume; MTT, mean transit time. *** p<0.001.

†
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Leptomeningeal collateral ﬂow

CT angiography source images (pc)ASPECTS ≤7
Yes

Poor

No

Good
0

20

40
60
Percentage

80

0

100

Presence of proximal intracranial occlusion

2
20

40
60
Percentage

80

100

Carotid/vertebral/basilar artery stenosis/occlusion
Yes

Yes

No

No
0

20

A

40
60
Percentage

80

0

100

20

80

100

80

100

80

100

Penumbra size

Cerebral blood volume (CBV) (pc)ASPECTS ≤7
Yes

40
60
Percentage

Highest tertile

No

Lowest tertile
0

20

40
60
Percentage

80

100

0

20

Mean transit time (MTT) (pc)ASPECTS ≤7

40
60
Percentage

Infarct core size
Highest tertile

Yes

Lowest tertile

No
0

20

40
60
Percentage

80

0

100

20

40
60
Percentage

Penumbra/infarct core index
Legend
mRS 0
mRS 4

Highest tertile
mRS 1
mRS 5

mRS 2
mRS 6

mRS 3
Lowest tertile

B

0

20

40
60
Percentage

80

100

Figure 2.2. Distribution of mRS scores after 90 days in patients with normal and abnormal admission
CTA (a) and CTP predictors (b).
When CTA and CTP predictors are abnormal, patients have higher mRS scores than when CTA and
CTP predictors are normal, indicating a strong predictive value of CTA and CTP measures for poor
clinical outcome.

Multivariable prediction models
As expected, stroke severity (NIHSS) had a very strong predictive value for clinical outcome
in the multivariable model including only patient characteristics and NCCT (Table 2.4).
Age, admission glucose level, and NCCT measures were other variables that predicted
clinical outcome. Obviously, the small subgroup of patients with prior disabilities (mRS
≥2) was also likely to have poor clinical outcome.
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Table 2.3. Univariable analyses between patient characteristics and non-contrast CT measures
and poor clinical outcome, within derivation set (n=824)
Predictor

OR (95% CI)

PPV

Patient characteristics
Age (per decade)
Lowest tertile (<63.0 years)
Middle tertile (63.0–75.1 years)
Highest tertile (≥75.1 years)
Stroke severity (NIHSS)
NIHSS 1–2
NIHSS 3–4
NIHSS 5–7
NIHSS 8–13
NIHSS >13
Time from symptom onset to scan (per hour)
Lowest tertile (≤84 minutes)
Middle tertile (84–142 minutes)
Highest tertile (≥142 minutes)
Pre-admission mRS >2
Admission glucose level (per mmol/L)
Lowest tertile (≤6.1 mmol/L)
Middle tertile (6.1–7.3 mmol/L)
Highest tertile (≥7.3 mmol/L)
IV-rtPA, intra-arterial thrombolysis, or mechanical
thrombectomy
Non-contrast CT measures
Hyperdense vessel sign
ASPECTS ≤7†

1.42 (1.27–1.59)***
26%
31%
49%
1.00 (reference)
3.64 (1.67–7.96)**
6.04 (2.85–12.79)***
10.14 (4.84–21.23)***
34.88 (16.52–73.67)***

6%
20%
29%
41%
71%

1.03 (0.96–1.11)
39%
33%
34%
10.40 (4.80–22.54)***

83%

1.14 (1.07–1.22)***
28%
36%
44%
1.07 (0.79–1.45)

3.78 (2.70–5.30)***
4.21 (2.62–6.75)***

36%

60%
66%

ASPECTS was used for patients with suspected anterior circulation stroke, and posterior circulation
ASPECTS was used for patients with suspected posterior circulation stroke. OR indicates odds ratio;
CI, confidence interval; PPV, positive predictive value; NIHSS, National Institutes of Health Stroke
Scale; mRS, modified Rankin Scale; IV-rtPA, intravenous thrombolysis with recombinant tissue type
plasminogen activator; ASPECTS, Alberta Stroke Program Early CT Score. * p<0.05; ** p<0.01; ***
p<0.001.

†

After addition of CTA or CTP measures to this model, CTA measures, but not CTP
measures, predicted outcome. The presence of a proximal intracranial occlusion (odds
ratio (OR) 1.8 (95% CI 1.1–3.0)) and the presence of a >70% stenosis/occlusion of the
internal carotid, vertebral, or basilar artery, supplying the symptomatic brain area (OR 2.3
(95% CI 1.5–3.6)) were independently related to outcome (Table 2.4).

32

Chapter_2_Merel.indd 32

20-7-2017 09:47:09

The prognostic value of CT angiography and CT perfusion

The basic prognostic model with patient characteristics and NCCT proved to be highly
predictive for clinical outcome and had an AUC value of 0.84 (95% CI 0.81–0.86; Table 2.5).
Adding both CTA and CTP measures to the basic model did not improve the predictive

2

value (AUC value 0.85 (95% CI 0.83–0.88; p=0.004)).
Validation of the models in the validation set showed similar results with an AUC value of
0.78 (95% CI 0.73–0.82) for the basic model and 0.79 (95% CI 0.75–0.83) after addition
of both CTA and CTP predictors (p=0.01). When only CTA predictors were added to the
basic model (Table 2.4 and Table 2.5) the AUC value was 0.79 (95% CI 0.75–0.83; p=0.01),
whereas the AUC was 0.78 (95% CI 0.74–0.82) when CTP predictors were added to the
basic model (p=0.37).
Calibration plots showed adequate calibration for all models (Figure 2.3) and we concluded
that model fit was sufficient. See Table 2.5 for additional measures of model performance,
including AUC values for subgroup analyses. Subgroup analyses in patients with more
severe stroke symptoms, anterior circulation stroke, posterior circulation stroke, in patients
with and without thrombolysis, and in patients with a confirmed proximal occlusion,
showed a similar added prognostic value of CTA and CTP as was seen in the overall
cohort. A nomogram based on the basic model is provided to predict the risk of poor
clinical outcome for individual patients (Figure 2.4). Moreover, automated risk prediction
sheets for the basic model and for the model including CTA and CTP predictors can be
found online (https://www.karger.com/Article/FullText/441088).

Discussion
Abnormalities on CTA and CTP were common in patients suspected of ischemic stroke
and were highly predictive for poor clinical outcome at 90 days. When added to patient
characteristics and NCCT, CTA and CTP proved to have only limited additional prognostic
value.
Our findings that individual CTA and CTP measures have a strong predictive value
for clinical outcome are largely consistent with previous studies. These studies also
showed that ASPECTS and pcASPECTS on CTA-SI,3,22,29,30 the presence of a proximal
occlusion,2,31 leptomeningeal collateral status,31–35 the presence of a significant internal
carotid artery stenosis,23 ASPECTS on CBV maps,6,30,36–39 and penumbra size40 were
predictors of clinical outcome. However, while these studies focused on one or a few
CTA or CTP measure(s), often in small patient groups,6,22,30,36–39 this study evaluated the
predictive value of several CTA and CTP measures in one large prospective patient cohort.
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-0.321

IV-rtPA, IAT or MT

1.956

1.653

1.122

0.000 (ref)

1.82 (1.18–2.83)**
2.38 (1.33–4.27)**

0.601

0.868

ASPECTS ≤7†

0.73 (0.45–1.17)

1.12 (1.04–1.22)**

14.50 (5.82–36.11)***

1.08 (0.97–1.19)

0.757

0.196

-0.426

0.117

2.492

0.045

35.62 (15.13–83.86)*** 2.998

10.02 (4.40–22.83)***

6.96 (3.06–15.79)***

3.94 (1.70–9.14)**

1.00 (ref)

Hyperdense vessel sign

Non-contrast CT predictors

0.116

Admission glucose level (per
mmol/L)

3.573

NIHSS >13

2.674

2.304

NIHSS 8–13

Pre-admission mRS >2

1.940

NIHSS 5–7

0.073

1.371

Time from symptom onset to
scan (per hour)

0.000 (ref)

NIHSS 3–4
1.883

1.640

1.140

0.000 (ref)

0.355

0.072

2.13 (1.12–4.06)*

1.22 (0.75–1.96)

0.65 (0.41–1.05)

1.12 (1.04–1.22)**

0.609

0.371

-0.281

0.116

12.09 (5.32–27.47)*** 2.472

1.05 (0.95–1.16)

1.892

1.630

1.134

0.000 (ref)

0.370

0.053

1.84 (1.02–3.31)*

1.45 (0.91–2.32)

0.75 (0.48–1.20)

1.12 (1.04–1.22)**

0.670

0.103

-0.387

0.118

11.85 (5.24–26.77)*** 2.514

1.07 (0.97–1.19)

1.95 (1.02–3.74)*

1.11 (0.67–1.83)

0.68 (0.42–1.09)

1.13 (1.04–1.22)**

12.35 (5.44–28.05)***

1.05 (0.95–1.17)

17.46 (7.76–39.25)***

6.63 (3.11–14.14)***

5.10 (2.42–10.76)***

3.11 (1.44–6.70)**

1.00 (ref)

1.45 (1.26–1.67)***

Coefficient OR (95% CI)

Addition of CTA and CTP

18.74 (8.46–41.52)*** 2.860

6.57 (3.12–13.85)***

5.16 (2.47–10.76)***

3.13 (1.47–6.67)**

1.00 (ref)

1.43 (1.24–1.64)***

Coefficient OR (95% CI)

Addition of CTP

20.05 (9.07–44.29)*** 2.931

7.07 (3.33–14.99)***

5.23 (2.48–10.99)***

3.07 (1.43–6.61)**

1.00 (ref)

1.45 (1.26–1.67)***

0.374

1.44 (1.26–1.66)***

0.368

NIHSS 1–2

Stroke severity (NIHSS)

Coefficient OR (95% CI)

Addition of CTA

Coefficient OR (95% CI)

Patient characteristics and NCCT

Multivariable analyses between patient characteristics and imaging findings, and poor clinical outcome, within derivation set (n=824)

Age (per decade)

Predictor

Table 2.4.
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0.617
0.804

Poor leptomeningeal
collaterals

Significant carotid or
vertebrobasilar stenosis

Penumbra/infarct core
index (per SD; 37.8%)

Infarct core size (per SD;
13.9 cm2)

0.125

1.13 (0.90–1.43)

1.19 (0.73–1.95)

0.176

MTT ASPECTS ≤7†

Penumbra size (per SD;
18.2 cm2)

1.46 (0.81–2.63)

0.379

CBV ASPECTS ≤7†

2.23 (1.42–3.51)**

1.85 (1.08–3.18)*

1.92 (1.19–3.09)**

0.73 (0.42–1.28)

0.116

-0.082

0.436

0.836

0.503

0.589

-0.500

1.12 (0.87–1.44)

0.92 (0.55–1.55)

1.55 (0.84–2.86)

2.31 (1.46–3.64)***

1.65 (0.95–2.88)

1.80 (1.10–2.97)*

0.61 (0.34–1.10)

ASPECTS was used for patients with suspected anterior circulation stroke, and posterior circulation ASPECTS was used for patients with suspected posterior circulation stroke OR
indicates odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IV-rtPA, intravenous thrombolysis with recombinant
tissue type plasminogen activator; IAT, intra-arterial thrombolysis; MT, mechanical thrombectomy; ASPECTS, Alberta Stroke Program Early CT Score; CTA-SI, CT angiography
source images; CBV, cerebral blood volume; MTT, mean transit time.
* p<0.05; ** p<0.01; *** p<0.001.

†

0.651

Proximal intracranial
occlusion

CT perfusion predictors

-0.315

CTA-SI ASPECTS ≤7†

CT angiography predictors
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0.422
0.153
0.837 (0.809–0.865)
0.99
0.399
0.159
0.828 (0.800–0.856)§
0.302
0.184
0.776 (0.735–0.817)
<0.001
0.001

Internal validation (n=824)‡
R2
Brier score*
AUC value

Validation set (n=550)
R2
Brier score*
AUC value
Goodness-of-fit p-value†
Goodness-of-fit p-value after updating intercept†

Patient
characteristics
and NCCT

0.343
0.175
0.793 (0.753–0.833)
<0.001
0.09

0.425
0.153
0.839 (0.813–0.866)§

0.445
0.146
0.852 (0.825–0.878)
0.80

Model with
addition of CTA

Model performance with and without addition of CT angiography and CT perfusion predictors

Derivation set (n=824)
R2
Brier score*
AUC value
Goodness-of-fit p-value†

Table 2.5.

0.310
0.182
0.777 (0.736–0.819)
<0.001
0.003

0.401
0.158
0.829 (0.801–0.856)§

0.421
0.151
0.841 (0.813–0.868)
0.69

Model with
addition of CTP

0.342
0.175
0.793 (0.753–0.833)
<0.001
0.01

0.423
0.153
0.839 (0.812–0.866)§

0.451
0.145
0.853 (0.826–0.880)
0.87

Model with addition
of CTA and CTP
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0.778 (0.730–0.826)
0.748 (0.620–0.877)
0.745 (0.692–0.799)
0.742 (0.677–0.807)
0.749 (0.703–0.795)
0.750 (0.695–0.805)
0.817 (0.755–0.878)
0.780 (0.702–0.859)

0.795 (0.749–0.842)
0.808 (0.695–0.921)
0.778 (0.728–0.829)
0.774 (0.713–0.836)
0.769 (0.724–0.813)
0.772 (0.718–0.825)
0.828 (0.769–0.887)
0.811 (0.738–0.885)

0.780 (0.732–0.828)
0.746 (0.618–0.874)
0.747 (0.693–0.800)
0.748 (0.684–0.812)
0.751 (0.705–0.796)
0.752 (0.698–0.807)
0.818 (0.757–0.879)
0.792 (0.716–0.869)

0.795 (0.749–0.841)
0.805 (0.690–0.920)
0.779 (0.728–0.829)
0.779 (0.718–0.840)
0.768 (0.723–0.812)
0.772 (0.719–0.825)
0.826 (0.767–0.886)
0.815 (0.742–0.888)

* Quadratic score for differences between actual outcomes and predictions, range from 0 for a perfect model to 0.25 for a non-informative model. †Goodnessof-fit p-values are calculated with the Hosmer-Lemeshow test.‡Internal validation with 1000 bootstraps resamples. §Assuming the same standard error applies
as estimated for model development.NCCT indicates non-contrast CT; CTA, CT angiography; CTP, CT perfusion; AUC, area under the curve; mRS, modified
Rankin Scale; TACS, total anterior circulation syndrome; PACS, partial anterior circulation syndrome; POCS, posterior circulation syndrome; NIHSS, National
Institutes of Health Stroke Scale; IV-rtPA, intravenous thrombolysis with recombinant tissue type plasminogen activator; IAT, intra-arterial thrombolysis; MT,
mechanical thrombectomy.

AUC in subgroups of patients in the validation cohort
Anterior circulation stroke (TACS or PACS; n=361)
Posterior circulation stroke (POCS; n=80)
NIHSS ≥5 (n=315)
NIHSS ≥8 (n=215)
Pre-admission mRS 0–2 (n=515)
Treatment with IV-rtPA, IAT, or MT (n=343)
No treatment with IV-rtPA, IAT, or MT (n=207)
Proximal intracranial occlusion (n=130)
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A

0.8
0.6
0.4
0.2
0.0
0.0

C

Model 1 after updating intercept

0.8
0.6
0.4
0.2
0.0
0.0

D

0.8
0.6
0.4
0.2
0.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

Model 2a after updating intercept
Fraction of patients with poor outcome

1.0

0.0

1.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

Model 2a before updating intercept
Fraction of patients with poor outcome

B
Fraction of patients with poor outcome

Fraction of patients with poor outcome

Model 1 before updating intercept
1.0

1.0
0.8
0.6
0.4
0.2
0.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

0.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

Fraction of patients with poor outcome

Fraction of patients with poor outcome

2b before
updating
intercept
Model
E
F
Figure
2.3.Model
Calibration
plots
for all models
in the validation
set. 2b after updating intercept
The calibration
plots
depict
the
observed
fraction
of
patients
with poor clinical outcome within
1.0
1.0
deciles of predicted risk. Calibration plots are presented before (left) and after updating the model
intercept (right), for the models based on patient characteristics and non-contrast CT (model 1; A,
0.8
0.8
B), and with addition of CT angiography measures (model 2a; C, D), CT perfusion measures (model
2b; E, F), and both CT angiography and CT perfusion measures (model 3; G, H).
0.6
0.4

0.6
0.4

Furthermore, the patient characteristics and NCCT measures we identified as predictors
0.2
severity,13,14,18,41–43,45–53 pre-admission
of clinical
outcome including age,13,14,18,41–52 stroke 0.2
18,41–44
glucose,18,42,45,47,54 hyperdense vessel
sign,18 and ASPECTS on NCCT45
dependency,
0.0
0.0

are in correspondence
the literature,
validity
0.0
0.2
0.4with0.6
0.8
1.0 supporting the
0.0 external
0.2
0.4
0.6of our
0.8 study.
1.0
Predicted probability of poor outcome

Predicted probability of poor outcome

However, the study populations of the previous studies were somewhat different and
29,34,35,40
G
Model
3 before with
updating
intercept large-vessel
H
Model
3 after
updating
orintercept
otherwise
consisted
of patients
a confirmed
occlusion
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1.0 ischemic stroke,2,22,31,38,39 patients with evidence
1.0
of recanalization at follow-up,30
confirmed
0.8
0.6
0.4
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Fraction of pati

0.4
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0.0
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Model 2b after updating intercept
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Figure 2.3.
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0.8
0.6
0.4
0.2
0.0
0.0

H

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

Model 3 after updating intercept
Fraction of patients with poor outcome

1.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

1.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

Model 3 before updating intercept
Fraction of patients with poor outcome

F
Fraction of patients with poor outcome

Fraction of patients with poor outcome

Model 2b before updating intercept

0.0

1.0

G

0.2

0.0 of CT angiography and CT perfusion
The prognostic value

0.0

E

0.4

1.0
0.8
0.6
0.4
0.2
0.0
0.0

0.2
0.4
0.6
0.8
1.0
Predicted probability of poor outcome

Continued.

or only patients treated with IV-rtPA.6,32,36–38 An important strength of our study is that we
included all patients with a clinical diagnosis of acute ischemic stroke instead of a certain
subgroup of stroke patients, which often can only be identified in retrospect. Because
treatment decisions are made in the acute stage when the final diagnosis is still unclear,
prediction of outcome as guideline for further treatment is needed for all patients who are
suspected of acute ischemic stroke. For similar reasons, another strength of our study is
that we selected predictors that are readily available to the neurologist in the acute stage,
at the emergency room, before he/she needs to decide on treatment with IV-rtPA or one
of the intra-arterial treatment options. While information on recanalization and reperfusion
potentially can also improve outcome prediction, these measures can be assessed only
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Age (years)
NIHSS
Time from symptom
onset to scan (hours)
Pre−admission mRS
Glucose (mmol/L)

30

40

Risk of poor outcome

70

80

3-4

0

3

6

90

5-7

8-13

>13

9

0-2

3-6

4

6

Yes
Hyperdense vessel sign
on non-contrast CT
No
(pc)ASPECTS on
non-contrast CT
8-10

Sum of points

60

1-2

IV-rtPA, IAT, or MT

Points

50

8

10 12 14 16 18

No

0

Yes
0-7

10

0

20

50
1%

30

100

40

50

150

60

200

10% 25% 50% 75% 90%

70

80

250

90

300

100

350

99%

Figure 2.4. Nomogram for prediction of the risk of poor clinical outcome (mRS 3–6), based on
patient characteristics and non-contrast CT measures.
Determine the points for each predictor by locating the predictor value on its axis, and find the amount
of points on the corresponding ‘Points’ axis. Add the points for the individual predictors together
and locate this number on the ‘Sum of points’ axis to find the predicted risk of poor clinical outcome.
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IVrtPA,
intravenous thrombolysis with recombinant tissue type plasminogen activator; IAT, intra-arterial
thrombolysis; MT, mechanical thrombectomy; (pc)ASPECTS, (posterior circulation) Alberta Stroke
Program Early CT Score.

on repeat imaging, hours or days after the acute event, and therefore cannot contribute
to a model for outcome prediction in the emergency setting. Furthermore, the validation
set that was used in the multivariable analyses was separated from the derivation set
based on inclusion date instead of a random selection, which resulted in some variation
between the 2 datasets. This shifts the results of the validation toward ‘real’ external
validation, and improves generalizability of our results.
Prediction models based on CTA and CTP parameters in addition to patient characteristics
and NCCT have never been developed and validated before in a large prospective study
of unselected patients with a suspected ischemic stroke. One recently published study
retrospectively evaluated the prognostic value for individual CTA and CTP measures
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added to patient characteristics.55 This study showed that some imaging measures
were independent predictors of clinical outcome, but the additional prognostic value
of combined imaging parameters was not investigated. Another retrospective study

2

assessed whether outcome prediction could be improved by addition of CTP to patient
characteristics, NCCT and CTA.40 While several CTP predictors in that study were
statistically significant in multivariable analyses, receiver operator characteristics analyses
were not performed to assess prognostic performance.
One could argue that the prognostic value of CTA and CTP can be improved further by
changing the way the imaging data are obtained. For example, certain CTA parameters
could be improved with better reconstruction techniques such as CTA reconstruction from
CTP data.5 Addition of the dimension ‘time’ from CTP data makes the reconstructed CTA
independent from timing of contrast administration and scan acquisition, and improves
the assessment of the collateral circulation.56 Furthermore, it has been shown that the use
of different CTP algorithms, including time-insensitive CTP analysis, results in different
quantitative CTP parameter maps.57 In addition, the currently established CBV and MTT
thresholds to obtain penumbra and infarct core size are suitable for use in the middle
cerebral artery (MCA) territory,24 but have not been validated for the posterior circulation.
Of note, the use of CTA and CTP is not restricted to the prediction of outcome. CTA and
CTP have been shown to increase the diagnostic accuracy for acute ischemic stroke. A
simple and quick assessment by means of visual information from CTA and CTP provides
information about the presence and location of the occlusion and ischemia, the likely
etiology (e.g. large or small vessel occlusion, carotid stenosis, dissection), and it helps the
clinician in urgent decision making on which treatment should be administered, including
endovascular therapy.7–11,58,59 Therefore, one should not conclude that CTA and CTP should
be omitted from the work-up of patients with acute ischemic stroke symptoms based on
our multivariable prediction models. CTA and CTP have a prognostic value with a clear
defined quantification, which we showed for the first time in this study. However, in an
unselected population of patients with stroke symptoms, their additional prognostic value
over patient characteristics and NCCT is limited. In post-hoc analyses, the same applied
to subgroup analyses in patients with more severe stroke, anterior circulation stroke, or
confirmed proximal occlusion. Nevertheless, further studies in patients with more severe
stroke and patients with proximal occlusions are warranted, especially in the context of
endovascular treatment.
Treatment with IV-rtPA, IAT, or MT did not predict clinical outcome in our analyses.
This might be explained by differences between treated and non-treated patients, that
is, confounding by indication. For example, treated patients have more severe stroke
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symptoms and more imaging abnormalities than untreated patients. As patients were
not randomized for treatment in our study, our study is not suited to appraise the relation
between treatment and clinical outcome.
Our study has some limitations. Many patients received IV-rtPA in our study. Although
the proportion of patients who arrive in hospitals within 4.5 hours that receive IV-rtPA
has increased up to 50% in The Netherlands in recent years,60 this proportion is even
higher in our study, which could indicate selection bias. In addition, ASPECTS was used
for assessment of ischemia in the anterior circulation and pcASPECTS for the posterior
circulation. We assumed that the predictive values of ASPECTS and pcASPECTS are
equal, which is not necessarily true. Moreover, ischemic changes in the anterior cerebral
artery territory are not assessed with either ASPECTS or pcASPECTS. However, this only
concerns an extremely small patient group. Finally, most of our CTP scans did not cover
the entire brain, which leads to an underestimation of infarct core and penumbra volumes.
In conclusion, our study showed that CTA and CTP measures are strong predictors of
clinical outcome. Besides their proven diagnostic use and their importance for guidance
of therapeutic decisions, the prognostic value of CTA and CTP measures in addition to
patient characteristics and NCCT is limited in an unselected stroke population.
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ABSTRACT
Introduction
Residual stenosis after recanalization of an acute symptomatic extracranial occlusion
of the internal carotid artery (ICA) might be an indication for carotid endarterectomy.
We evaluated the proportion of residual high-grade stenosis (≥70%, near occlusions
not included) on follow-up imaging in a consecutive series of patients with an acute
symptomatic occlusion of the extracranial ICA.
Methods
We included patients, participating in the Dutch Acute Stroke study (DUST) who
had an acute symptomatic occlusion of the extracranial ICA that was diagnosed on
CT-angiography (CTA) within 9 hours after onset of neurological symptoms. Followup imaging of the carotid artery had to be available within 7 days after admission.
Results
Of the 1021 patients participating in DUST between May 2009 and May 2013, an
acute symptomatic occlusion of the extracranial ICA was found in 126 (12.3%).
Follow-up imaging was available in 86 (68.3%) of these patients. At follow-up,
a residual stenosis <30% was found in 15 patients (17.4%; 95% CI 10.8–26.9);
a 30–49% stenosis in 3 (3.5%; 95% CI 0.8–10.2) patients; a 50–69% stenosis in
2 (2.3%; 95% CI 0.1–8.6) patients; and a ≥70% stenosis in 14 (16.3%; 95% CI
9.8–25.6) patients. A near or persistent occlusion was present in the remaining 52
(60.5%) patients.
Discussion
A residual high-grade stenosis of the extracranial ICA occurs in one out of six
patients with a symptomatic occlusion in the acute stage of cerebral ischemia. As
this may have implications for secondary prevention, we recommend follow-up
imaging in these patients within a week after the event.
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INTRODUCTION
Acute occlusion of the internal carotid artery (ICA) can lead to a large ischemic stroke with
severe disability and poor prognosis in the long-term.1 Recanalization after an occlusion
of the ICA in the acute stage may occur more commonly than previously assumed.2 If
after recanalization a high-grade stenosis persists, this may have important implications
for subsequent treatment, as the recurrence rate of ischemic stroke in patients with highgrade stenosis within 7 days is around 8%.3,4 Carotid endarterectomy has proven to be

3

beneficial in patients with a ≥70% stenosis without near occlusions and is recommended
within two weeks after the first symptoms.5–7
The combination of non-contrast computed tomography (NCCT), CT Perfusion (CTP)
and CT Angiography (CTA) is increasingly used to determine the extent and severity of
cerebral ischemia and to localize intra- and extracranial vascular stenosis, occlusion and
recanalization in patients with acute ischemic stroke.8
The aim of our study was to determine the frequency of residual high-grade stenosis
of ≥70% on follow-up imaging in patients with an acute symptomatic occlusion of the
extracranial ICA.

METHODS
Study population
All patients participated in the multicenter prospective Dutch acute stroke study (DUST)
between May 2009 and May 2013. Inclusion criteria for the DUST were (1) clinical diagnosis
of acute ischemic stroke, (2) NCCT, CTP and CTA examination performed within 9 hours
of symptom onset, and (3) no known history of renal failure or allergy to contrast agents.
Follow-up assessment with preferably NCCT, CTA and CTP was recommended within
three days after stroke onset. Institutional review boards approved the trial, and written
informed consent was obtained for each patient. Detailed information on the DUST has
been described earlier.9
For the current study, we included patients with signs or symptoms that originated from
an ischemic lesion in the supply territory of the ICA and a symptomatic occlusion of the
extracranial ICA on the initial CTA. Furthermore, follow-up imaging of the carotid artery
with CTA or alternatively magnetic resonance angiography (MRA), duplex ultrasound (DUS)
or digital subtraction angiography (DSA) had to be available within 7 days after admission.
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Imaging protocol
The admission CT examination included NCCT, CTP of the brain, and cervical and
intracranial CTA. Detailed information on the CT imaging and analysis protocol has been
described previously.9 The initial CTA and follow-up imaging (CTA, MRA, DUS, DSA) were
evaluated by a radiologist experienced in neurovascular imaging who was blinded for the
clinical features. The carotid arteries were evaluated for presence and degree of stenosis
or occlusion on admission and follow-up imaging.

Clinical assessment
Information was collected on the patients’ medical history of ischemic stroke or TIA,
vascular risk factors and the use of antithrombotic medication. Stroke severity on admission
was assessed by means of the National Institute of Health Stroke Scale (NIHSS) and stroke
subtype by means of the TOAST classification.10 Treatment categories included intravenous
recombinant tissue plasminogen activator (rtPA), endovascular treatment (intra-arterial
thrombolysis with rtPA, mechanical clot disruption or retrieval, or a combination of these
approaches). Clinical outcome at 3 months was assessed by means of the Modified Rankin
Scale (mRS).11 A Rankin score of 0–2 was defined as good outcome, a score of 3–6 as
poor outcome. Finally, information was collected on subsequent treatment as carotid
endarterectomy or carotid stenting after the ischemic stroke.

Outcome measures
The primary outcome measure was the proportion of patients with a residual high-grade
stenosis on follow-up imaging who might be eligible for carotid endarterectomy (CEA) or
carotid artery stenting. A residual high-grade stenosis was defined as a stenosis of ≥70%
not including near occlusions.6,12 It was determined how many patients had complete or
partial recanalization of the extracranial ICA on follow-up imaging and what the degree
of residual stenosis was according to the following categories: 1) <30%; 2) 30–49%; 3)
50–69%; 4) (≥70%; 5) near occlusion and 6) persistent occlusion.6,12 A near occlusion was
defined as a severe stenosis with caliber reduction of the ICA distal to the stenosis.13,14
The categories were labeled for the different treatment types, e.g. intravenous rtPA,
endovascular treatment or conservative treatment.
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Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics, version 20. Descriptive
analysis was used to determine the frequency of occurrence of categories of residual
stenosis with 95% confidence intervals (95% CI) on follow-up imaging. Mean values were
compared with analysis of variance (ANOVA). Differences in proportions were evaluated
by the Pearson’s chi squared test. Differences at the level of p <0.05 were considered
statistically significant. Finally, for the relation between residual stenosis and outcome,

3

odd ratios (OR) and the corresponding 95% CIs were calculated by means of logistic
regression.

RESULTS
From May 2009 until May 2013, 1021 patients were included in DUST. A symptomatic
occlusion of the extracranial ICA was found 126 (12.3%) patients. From these 126, all 86
patients (68.3%) with adequate follow-up carotid imaging were included in the analysis.
There were no differences in baseline characteristics between patients with and without
adequate follow up. The mean age was 63 (SD ±12.9) years and 74% of the patients
was male (Table 3.1). The mean time from admission until follow-up imaging was 3.2 (SD
±1.6) days. Follow-up imaging consisted of CTA in 83.7%, DUS in 9.3%, MRA in 3.5%
and DSA in 3.5% of the patients.
Forty-seven (54.7%) patients were treated with intravenous rtPA and 11 (12.8%) patients
underwent endovascular treatment. The baseline characteristics stratified for the different
treatment modalities are presented in Table 3.2. The majority of ICA occlusions (76.7%)
was considered to be caused by large artery atherosclerosis, while 16.3% was attributed
to carotid dissection. Cardiac embolism and unknown cause each accounted for 3.5%.
In 34 (39.5% (95% CI 29.9–50.1)) of the 86 patients the occluded extracranial ICA was
completely or partially recanalized at follow-up. Near occlusions were not included in this
group. Characteristics of patients with a near or persistent occlusion (n=52) and patients
with an open extracranial ICA at follow up (n=34) are shown in Table 3.1. In the group with
CTA follow-up only, the occluded carotid artery recanalized in 40.3%. For the remaining
follow-up imaging modalities together, this was 35.7% (p=0.75).
Figure 3.1 shows the proportion of the residual stenosis according to the different
categories. A residual stenosis of <30% occurred in 15 (17.4%; 95% CI 10.8–26.9) patients;
a 30–49% stenosis in 3 (3.5%; 95% CI 0.8–10.2) patients; a 50–69% stenosis in 2 (2.3%;
95% CI 0.1–8.6) patients; a residual high-grade stenosis of ≥70% in 14 (16.3%; 95% CI
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63.8±13
37 (43.0)
10 (11.6)
24 (27.9)
33 (38.4)

Hypertension

Diabetes mellitus

Hyperlipidemia

Smoking

163±112
3.2±1.6
47 (54.7)
11 (12.8)

NIHSS on admission, median (IQR)

Time from onset to CTA (minutes), mean ± SD

Time to follow-up imaging (days), mean ± SD

Treatment with intravenous rtPA

Endovascular treatment

3 (5.8)

25 (48.1)

3.5±1.6

175±122

8 (3–15)

24 (46.2)

8 (23.5)

22 (64.7)

2.7±1.4

143±92

12 (7–16)

9 (26.5)

12 (35.3)

10 (29.4)

2 (5.9)

9 (26.5)

61±14

24 (70.6)

Recanalization
at follow-up
N=34

0.02

0.13

0.34

0.39

0.36

0.07

0.64

0.80

0.18

0.01

0.09

0.51

p-value

ICA indicates internal carotid artery; NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; CTA, computed tomography angiography;
rtPA, recombinant tissue plasminogen activator; SD, standard deviation.

33 (38.4)
11 (4–15)

Previous use of antithrombotic medication

21 (40.4)

14 (26.9)

8 (15.4)

28 (53.8)

64±12

40 (76.9)

64 (74.4)

Male

Age (years), mean ±SD

Variable, No. (%)

Persistent occlusion
at follow-up
N=52

Occurrence of recanalization on follow-up imaging
ICA occlusion on
admission
N=86

Table 3.1.
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Table 3.2.

Baseline characteristics stratified for treatment modalities

Variable, No. (%)
Male
Age (years), mean ± SD

No
treatment
N=28

Intravenous
rtPA
N=47

Endovascular
treatment
N=11

21 (75.0)

35 (74.5)

8 (72.7)

65±13

62±12

58±13

Hypertension

19 (67.9)

18 (38.3)

0 (0.0)

Diabetes mellitus

7 (25.0)

3 (6.4)

0 (0.0)

Hyperlipidemia

14 (50.0)

9 (19.1)

1 (9.1)

Smoking

14 (50.0)

16 (34.0)

3 (27.3)

Previous use of antithrombotic medication

17 (60.7)

14 (29.8)

2 (18.2)

4 (3–8)

12 (7–17)

12 (11–18)

Time from onset to CTA (minutes), mean ± SD

228±137

119±69

184±109

Time to follow-up imaging (days), mean ± SD

3.3±1.3

3.5±1.6

1.8±1.6

NIHSS on admission, median (IQR)

3

ICA indicates internal carotid artery; NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; CTA, computed tomography angiography; SD, standard deviation.

Figure 3.1. Proportion of the residual stenosis of the extracranial ICA at follow-up subdivided
into the categories, stratified for treatment types.
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9.8–25.6) patients; a near occlusion was found in 3 (3.5%; 95% CI 0.8–10.2) patients and
a persistent occlusion in 49 (57.0%; 95% CI 46.4–66.9) patients.
With regard to acute treatment, a residual high-grade stenosis of the extracranial ICA
was found in 2 (7.1%; 95% CI 0.9–23.7) of the 28 untreated patients and in 11 (23.4%;
95% CI 13.5–37.4) of the 47 patients treated with intravenous rtPA. In one (9.1%; 95% CI
-0.6–40.0) of the 11 patients with endovascular treatment a residual high-grade stenosis
was present, but this patient also underwent stenting of the occluded extracranial ICA
during endovascular treatment.
Of the 14 patients with a residual high-grade stenosis, 8 were later treated with carotid
endarterectomy. Two patients were diagnosed with carotid artery dissection and therefore
not eligible for carotid endarterectomy. The two patients with a residual stenosis of 50–69%
did not undergo carotid endarterectomy.
Good clinical outcome (mRS ≤2) three months after stroke did not differ significantly in
patients with either a residual high-grade stenosis (OR 2.1 (95% CI 0.6–7.1, p=0.23), or
patients with a residual stenosis <70% (OR 1.3 (95% CI 0.5–3.7) p=0.64) compared to
patients with a near or persistent occlusion.

Discussion
In one out of six patients with an occlusion of the extracranial ICA in the acute stage of
ischemic stroke a residual high-grade stenosis remains after recanalization. Our findings
have implications for secondary prevention, since carotid endarterectomy or stenting
might be indicated in a selected group of these patients.
The proportion of patients with ischemic stroke and acute carotid occlusion in our study
concurs with findings in previous studies in which rates between 6–15% have been
reported.1,2,15 Our recanalization rate of acute carotid occlusion (39.5%) also falls within
the range (15.8 to 62.5%) described in other studies.2,16–18 The rate of recanalization is
dependent on several factors, such as the type of acute treatment and the segment
affected.17,19
This is the first study with a prospective design on the occurrence of a residual high-grade
stenosis after recanalization of an extracranial ICA occlusion in the acute stage of cerebral
ischemia. One previous retrospective study showed that a high-grade stenosis remained in
13 (25%) of 52 patients with an acute occlusion.18 Two smaller studies reported a residual
high-grade stenosis in one out of 12 (8.3%) patients and two out of 20 (10.0%) patients
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respectively.2,16 More than half of the patients with a residual high-grade stenosis in our
study population underwent carotid endarterectomy or carotid stenting. In addition,
carotid endarterectomy could also be considered in patients with a residual stenosis of
50–69%.6 This emphasizes the importance of follow-up imaging of a carotid artery that
is found to be occluded in the acute phase.
Our study has several strengths, including the prospective design, the use of a standard
ized CTA imaging protocol and review of the imaging data, blinded to clinical findings.

3

A possible limitation might be that baseline and follow-up imaging was not performed
in all patients with a carotid occlusion. This was due to a contra-indication for iodinated
contrast administration at baseline of follow-up, early discharge of the patients or no
permission to perform a follow-up CTA. However, baseline characteristics did not differ
between patients with and without follow up imaging. Furthermore, DUST was designed
as a diagnostic and prognostic observational study on the value of CTA and CTP in acute
ischemic stroke. There was no standardized collection of recurrent strokes, additional
therapeutic strategies or outcome other than the modified Rankin Score. In addition,
follow-up examinations consisted of four different modalities (CTA, MRA, DUS, DSA).
Although standardization of the follow-up imaging would have increased the validity
of our study, previous studies have shown that the accuracy of CTA is comparable to
MRA, DSA and DUS in grading carotid stenosis.20 In our study we found no differences in
recanalization of the occluded carotid artery between the group with CTA follow-up only
and the other imaging modalities. Furthermore, follow-up imaging was not performed at
standardized time-intervals, but mostly performed within three days. Therefore, we were
not able to assess at what time recanalization occurred and if recanalization was temporary
or persistent. Although, three days may be considered a fairly tight time window, this
time window may be relatively short for the subgroup with a near occlusion at follow-up.
In this subgroup, it is possible that the recanalization process may still be ongoing and
repeated follow-up imaging at later time-intervals might be indicated.
In conclusion, follow-up carotid imaging of patients with an acute symptomatic ICA
occlusion on admission identifies a potentially treatable residual high-grade stenosis in
one out of six patients. We therefore recommend follow-up imaging within a week after
the event in all patients with an acute symptomatic ICA occlusion.
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ABSTRACT
Introduction
Development of acute nephropathy is a safety concern when using Computed
Tomography Perfusion (CTP) and Angiography (CTA) for acute ischemic stroke.
We assessed the occurrence of acute nephropathy after CTP and CTA in patients
with acute ischemic stroke.
Methods
Patients with a suspected ischemic stroke and without known renal dysfunction,
were recruited from the Dutch acute Stroke Study (DUST). All patients underwent
CTP and CTA within 9 hours after stroke onset. Creatinine levels were measured
at admission and again within 3 days. Admission renal dysfunction was defined
as an estimated glomerular filtration rate (eGFR) of <60 mL/min/1.73 m2. Acute
nephropathy was defined as an increase in creatinine level of >25% or >44 µmol/L.
Results
Baseline and follow-up creatinine levels were available in 731 patients. Acute
nephropathy occurred in 27 (3.7%) patients. In 16 of these patients, the creatinine
rise did not reach the threshold of impaired renal function. The occurrence of acute
nephropathy was not increased in patients with renal dysfunction on admission.
Conclusion
Acute nephropathy is infrequent in patients with suspected acute ischemic stroke
who received intravenous iodinated contrast, even in patients with renal dysfunction
on admission. CTP and CTA imaging can be safely performed without prior
knowledge of renal function.
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INTRODUCTION
Non-contrast computed tomography (NCCT), CT perfusion (CTP) and CT angiography
(CTA) are increasingly used in the diagnostic work-up of patients with acute ischemic stroke
in the emergency setting.1 CTP helps to differentiate between reversible and irreversible
ischemia and CTA can identify arterial occlusions, which may require immediate treatment.2
A safety concern regarding the use of CTP and CTA is the potential development of
contrast-induced-nephropathy (CIN).3,4 However, waiting for the renal function laboratory
results before starting treatment may cause unacceptable delay in the acute stage of
ischemic stroke.
CIN develops within 72 hours after contrast administration and elevated creatinine levels

4

usually normalize within 2 weeks. However, a minority of the affected patients develops
5

chronic renal failure.4 Moreover, CIN has been associated with prolonged hospital stay
and increased mortality rates.4 The aim of our study was to evaluate the occurrence of
acute nephropathy after CTP and CTA in the emergency setting in patients with suspected
acute ischemic stroke. A secondary aim was to evaluate the relation of acute nephropathy
to renal function on admission.

METHODS
Study population
All patients participated in the multicenter prospective Dutch acute Stroke Study (DUST)
between May 2009 and July 2013. Inclusion criteria for the DUST were 1) clinical diagnosis
of acute ischemic stroke, 2) NCCT, CTP and CTA examination performed within 9 hours
of symptom onset and 3) no known renal disease on admission. Institutional review
boards approved the study, and written informed consent was obtained for each patient.
Detailed information on the DUST has been described previously.6 For the present study,
creatinine levels at admission and follow-up were required.

Imaging protocol
NCCT, CTP, and cervical and cranial CTA were performed at admission. Detailed
information on the CTA and CTP imaging protocol has been described previously.6 As
per institutional protocol, a total of 90–110 ml non-ionic contrast agent was administered
for CTA (50–70 ml) and CTP (40 ml).
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Clinical assessment
Information on patients’ medical history including hypertension, diabetes, coronary artery
disease, and type of treatment applied, e.g. intravenous thrombolysis or endovascular
treatment was collected. Creatinine levels were measured on admission before CT
examination (baseline) and within 3 days after admission (follow-up). The estimated
glomerular filtration rate (eGFR) was calculated with the MDRD (Modification of Diet in
Renal Disease) equation by using the admission creatinine value.7
Routinely, patients were screened for a history of renal disease based on information from
the patient or hospital records. If there was no known history of renal disease, treating
physicians were advised to perform CT examinations as soon as possible, also before
baseline creatinine levels were available. There was no standardized hydration protocol
before or after contrast administration. Patients who were diagnosed with impaired renal
function after the CTP and CTA were performed were treated at the discretion of their
physician.
Renal dysfunction on admission was defined as an eGFR <60 mL/min/1.73 m2. Acute
nephropathy was defined according to the standard definition of CIN: (a) a relative
increase in serum creatinine level by >25% or (b) an absolute increase of >44 µmol/L
within 3 days after admission.5

Outcome measures
The primary outcome measures was the development of acute nephropathy within 3
days after admission. Furthermore, we assessed the occurrence of renal dysfunction after
the development of acute nephropathy for which treatment was required. In a second
analysis, we assessed the occurrence of acute nephropathy separately for patients with
and without renal dysfunction on admission.

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics, version 20. All data are
expressed as means ± standard deviation (SD) or as medians with interquartile ranges
(IQR) when they were not normally distributed. Mean values were compared by analysis
of variance (ANOVA). Differences in proportions were evaluated by the χ2 test. Differences
at the level of p<0.05 were considered statistically significant.
Descriptive statistics were used to analyse the proportion of patients with renal dysfunction
and the patients who developed acute nephropathy and persistent renal dysfunction.
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RESULTS
Baseline characteristics
From May 2009 until July 2013, 1393 patients were included in DUST. Follow-up creatinine
levels at any time after admission were available in 883 of these patients; in 82.8% of the
patients these follow-up creatinine levels were measured within 3 days after admission.
As a result, 731 patients were included in the analyses. In the majority of these patients
(89.9%) creatinine levels were measured after 48–72 hours. The baseline characteristics
are shown in Table 4.1. Renal dysfunction on admission was present in 155 (21.2%)
patients. These patients were significantly older than patients with normal renal function
and hypertension occurred more frequently.

Table 4.1.

4

Baseline characteristics, stratified for renal function on admission
Study
population
(N=731)

Renal
dysfunction
on admission
(N=155)

Normal renal
function
on admission
(N=576)

p

66±14

74±11

64±14

<0.001

Male

441 (60.3)

78 (50.3)

363 (63.0)

0.004

Hypertension

345 (47.2)

103 (66.5)

242 (42.0)

<0.001

Diabetes

95 (13.0)

23 (15.9)

72 (12.5)

0.434

Variable, No. (%)
Age (years) mean±SD

Coronary artery disease

99 (13.5)

30 (19.4)

69 (12.0)

0.018

Intravenous rtPA

485 (66.3)

100 (64.5)

385 (66.8)

0.587

Endovascular treatment

56 (7.7)

9 (5.8)

47 (8.2)

0.323

Admission creatinine (mmol/L)
mean±SD

85±23

114±25

77±15

<0.001

75 (61–88)

52 (43–57)

80 (69–92)

<0.001

Admission eGFR (mL/min/1.73 m2)
median±IQR

eGFR indicates estimated Glomerular Filtration Rate; rtPA, recombinant tissue plasminogen activator;
SD, standard deviation; IQR, interquartile range.

Outcome
According to the definitions for acute nephropathy, 27 patients (3.7%) had a relative
increase in creatinine of >25%, including 4 patients (0.7%) who also had an absolute
increase of creatinine of >44 µmol/L (Figure 4.1). The median increase of the creatinine
level in the 27 patients was 22 µmol/L (IQR 17–37µmol/L). The occurrence of acute
nephropathy was not increased in patients with renal dysfunction on admission (1.3%),
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Figure 4.1. Relative change in follow-up serum creatinine levels (%) with respect to serum
creatinine levels at admission.
The horizontal line represents the cut-off point of 25% above which acute nephropathy is present.
The red dots represent the patients with >25% increase. The yellow dots with red borders represent
the 4 patients with also an absolute increase of >44 µmol/L.

compared to those with normal renal function (4.3%). Of the 152 patients with followup creatinine levels measured beyond 3 days after admission, two patients met the
definition of acute nephropathy. These creatinine levels were measured after 4 and 6
days respectively.
Sixteen of the 27 patients (63.0%) who met the criteria of acute nephropathy did not reach
the threshold of impaired renal function (eGFR <60 mL/min/1.73 m2) at follow-up. None
of these patients required further treatment. Eight patients were diagnosed with acute
nephropathy at follow-up, but did not require treatment according to their physician and
their renal function recovered spontaneously.
Three patients (0.4%) developed persistent renal dysfunction after acute nephropathy
for which treatment was required. In one of them, acute urinary retention and cystitis
were considered to be contributory factors. He was treated with intravenous fluids. In
another patient, NSAID’s were stopped and renal function was closely monitored. In both
patients, renal function recovered to admission levels. The third patient proved to have
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a history of pre-existing renal disease unrecognized at admission, which was in violation
with the study protocol. This patient developed acute renal insufficiency, considered to be
caused by the combination of contrast administration and antibiotics use. Hemodialysis
was planned, but the patient died of myocardial infarction before dialysis was started.

Discussion
This study demonstrates that the risk of acute nephropathy is low in patients with a
diagnosis of acute ischemic stroke who underwent diagnostic CTP and CTA in the
emergency setting, even in those with unknown renal dysfunction on admission. In one
patient that developed acute nephropathy, a history of renal disease was missed at

4

admission, which emphasizes the importance of a high vigilance for obtaining a history
of renal function when this protocol is used in the acute stage of ischemic stroke.
Our study is the first prospective cohort study that assessed the risk of acute nephropathy
stratified on the basis of renal function on admission. Our results concur with observations
from previous retrospective studies, the largest of which (N=1075) reported an incidence
of CIN in 52 patients (4.8%) of whom four (0.37%) patients needed additional treatment.8
Several smaller studies reported a similar incidence of CIN.3,4,9,10 In our study, baseline
creatinine levels were mostly unknown at the time of contrast administration, whereas in
some of the other studies baseline creatinine levels were known before CT scanning.3,8
This may have led to an underestimation of acute nephropathy, as patients with impaired
renal function at admission may not have received iodinated contrast.
A limitation of our study is that we did not include a reference group of stroke patients
who did not receive iodinated contrast. Therefore, it was not possible to determine the
proportion of patients with acute nephropathy who did not receive iodinated contrast in
the acute stage of ischemic stroke. Consequently, we chose the term “acute nephropathy”
instead of CIN, because the term “CIN” implies causality and therefore cannot be used
in absence of a reference group. With regard to safety of contrast administration this
limitation is probably of minor importance since our definition includes both patients
with CIN and acute nephropathy due to other causes. Moreover, studies focusing on
the acute stroke setting in which a reference group was included, found similar rates of
acute nephropathy and report no difference between patients who underwent imaging
examinations with contrast administration and controls. 11,12 It had therefore been
suggested that CIN may be overdiagnosed and is confounded by alternative explanations
for renal dysfunction in hospitalized patients.13,14

67

Chapter_4_Merel.indd 67

20-7-2017 09:47:30

Chapter 4

Another limitation of our study is that in 510 patients participating in DUST no followup creatinine levels were available. The risk of acute nephropathy may therefore be
underestimated, although it is unlikely that cases of acute nephropathy that required
treatment would have been missed.9

Conclusion
The occurrence of acute nephropathy is low in patients with acute ischemic stroke without
a known history of renal disease, even if renal dysfunction is present on admission.
Therefore, it appears to be safe to perform CTP and CTA before creatinine levels are
known. Nevertheless, we do recommend follow-up of renal function in the first days
after admission.
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ABSTRACT
Diabetes and ischemic stroke often arise together. People with diabetes have
more than double the risk of ischemic stroke after correction for other risk factors,
relative to individuals without diabetes. Multifactorial treatment of risk factors for
stroke—in particular, lifestyle factors, hypertension, and dyslipidemia—will prevent
a substantial number of these disabling strokes. Hyperglycemia occurs in 30–40%
of patients with acute ischemic stroke, also in individuals without a known history
of diabetes. Admission hyperglycemia is associated with poor functional outcome,
possibly through aggravation of ischemic damage by disturbing recanalization
and increasing reperfusion injury. Uncertainty surrounds the question of whether
glucose-lowering treatment for early stroke can improve clinical outcome.
Achievement of normoglycemia in the early stage of stroke can be difficult, and
the possibility of hypoglycemia remains a concern. Phase 3 studies of glucoselowering therapy in acute ischemic stroke are underway.
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INTRODUCTION
Diabetes and ischemic stroke are common disorders that often arise together. Worldwide,
347 million people have diabetes,1 and the type 1 and type 2 forms are the most typical
(Panel 5.1). Diabetes is a leading cause of renal failure, coronary heart disease, nontraumatic lower limb amputations, and visual impairment (Figure 5.1). Stroke is the
second leading cause of long-term disability in high-income countries and the second
leading cause of death worldwide.18 In 2005, 16 million people had a first stroke and

Panel 5.1.

Update on diabetes

Type 1 diabetes
Type 1 diabetes is a cell-mediated autoimmune disease with destruction of β cells that leads
to absolute insulin deficiency, resulting in hyperglycemia and lipolysis.2 The disorder accounts
for 5–10% of the total diabetes population.3 Onset of type 1 diabetes usually happens before
age 30 years. Incidence is 16.4 per 100000 in men and 8.9 per 100000 in women.4 All patients
need insulin treatment.

5

Type 2 diabetes
Type 2 diabetes is characterised by insulin resistance and relative insulin deficiency and
accounts for 90% of patients with diabetes.5 The progression from normal glucose metabolism
to type 2 diabetes is gradual and happens over many years. When the pancreas fails (after
a compensatory increase in insulin secretion), the patient develops hyperglycemia. The
estimated global prevalence of type 2 diabetes is 3.8%.6 Prevalence does not differ by sex7
and increases with age, to 20–25% in patients older than 65 years.8 Over past decades, type
2 diabetes has become more prevalent in younger age groups, including adolescents.9 Insulin
resistance develops because of environmental factors, particularly obesity and a sedentary
lifestyle.10 Moreover, a family history confers a 2.4-times risk of the disorder.5 Treatment is
aimed at reduction of insulin resistance and increasing endogenous insulin secretion. In more
advanced stages of type 2 diabetes, treatment with exogenous insulin could be necessary.
Prediabetic stages
People whose glucose levels are raised but are still below the diabetes threshold are at higher
risk for progression to type 2 diabetes than are individuals with normal values. Stages of
elevated glucose are defined as impaired glucose tolerance (i.e., 2 h after glucose loading, a
glucose concentration of 7.8–11.1 mmol/L) or impaired fasting glucose (i.e., a fasting glucose
level of 6.1–6.9 mmol/L).11 Both impaired glucose tolerance and impaired fasting glucose
are associated with cardiovascular disease.12 These prediabetic disorders sometimes occur
with obesity, dyslipidaemia, hypertension, and prothrombotic and proinflammatory states.9
Vascular complications in diabetes
Prolonged hyperglycemia is associated with microvascular complications, such as retinopathy
(Figure 5.1A and 5.1B),13 neuropathy, and nephropathy, and with macrovascular complications
caused by atherosclerosis (Figure 5.1C).3 Despite intensive treatment, most patients with type
1 diabetes develop microvascular complications before midlife.14 Type 1 diabetes is also a
risk factor for macrovascular complications later in life.15 In patients with type 2 diabetes,
microvascular complications develop as exposure to hyperglycemia increases.16 Macrovascular
complications might already start to develop in prediabetic stages.17
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Figure 5.1. Microvascular and macrovascular complications of diabetes.
(A) Non-proliferative diabetic retinopathy showing microhemorrhage and hard exudates. (B)
Proliferative diabetic retinopathy with neovascularisation. Reproduced from Cheung and colleagues,13
by permission of Elsevier. (C) Large-vessel atherosclerosis.

5.7 million died because of the effects of stroke.19 The relation between disturbed
glucose metabolism and ischemic stroke is bidirectional. On the one hand, people with
diabetes have more than double the risk of ischemic stroke after correction for other risk
factors, compared with people without diabetes.20 On the other hand, acute stroke can
give rise to abnormalities in glucose metabolism, which in turn could affect outcome.21
Importantly, the relation between disturbed glucose metabolism and cerebrovascular
disease is not restricted to acute ischemic stroke. Diabetes is also associated with more
insidious ischemic damage to the brain, mainly manifesting as small-vessel disease and
increased risk of cognitive decline and dementia.22 Moreover, a relation between admission
hyperglycemia and poor outcome has been noted for hemorrhagic stroke, in particular
aneurysmal subarachnoid hemorrhage.23
In this Review, we describe the interplay between glucose metabolism and acute ischemic
stroke and focus on clinical implications for prevention and management in the acute
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stage. We address the epidemiology of the association between diabetes and stroke,
highlighting potentially modifiable risk factors and long-term outcome. We review findings
from many trials on prevention of stroke in people with diabetes, which suggest that
rigorous assessment and treatment of associated risk factors can substantially reduce
the risk of stroke in patients with diabetes. We then describe the cause, outcome, and
management of hyperglycemia at the time of an acute ischemic stroke. Admission
hyperglycemia is a common risk factor for poor outcome after ischemic stroke. However,
much uncertainty surrounds the question of whether intensive glucose-lowering treatment
after stroke benefits clinical outcome.

Diabetes and risk of stroke
Diabetes is an important risk factor for ischemic stroke. In a meta-analysis of prospective
studies (including 530083 participants), the reported hazard ratio for ischemic stroke
was 2.3 (95% CI 2.0–2.7) in people with versus those without diabetes.20 Assuming

5

a population-wide prevalence of diabetes of around 10%, these findings indicate a
diabetes-attributable risk of stroke of around 12% (i.e., one in eight or nine cases of
stroke is attributable to diabetes). The risk of stroke associated with diabetes is assessed
predominantly in people with type 2 diabetes, because in the age group in which most
strokes take place, type 2 diabetes is much more common than type 1 diabetes. Studies
that allow direct comparison between both types of diabetes show that the relative risk
of stroke in people with type 1 diabetes is at least similar or maybe even higher than in
individuals with type 2 diabetes.24,25 In patients younger than 60 years, the relative risk of
stroke in those with versus those without diabetes is double that of individuals older than
70 years.20 Sex and ethnic origin also modulate the risk of stroke in people with diabetes.
The risk is higher in women (hazard ratio 2.8, 95% CI 2.4–3.4) than in men (2.2, 1.8–2.5).20
In US populations, people of African-American origin are over-represented among patients
with diabetes who have a stroke.26 Diabetes causes atherosclerotic changes in the heart
and the cerebropetal arteries and is associated with different subtypes of ischemic stroke,
including lacunar, large artery occlusive, and thromboembolic strokes.27–29 Moreover, the
risk of atrial fibrillation—a major cause of thromboembolic stroke—is increased by 40%
in individuals with diabetes.30 Diabetes-associated risk factors for stroke include not only
diabetes-specific factors (e.g., hyperglycemia) and vascular risk factors (e.g., hypertension,
dyslipidemia) but also genetic, demographic, and lifestyle factors. The contribution of
these factors, many of which are strongly inter-related, is likely to differ according to
diabetes type and age. Nevertheless, after adjustment for the above-mentioned risk
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factors, diabetes is associated with a doubling in the risk of ischemic stroke (hazard ratio
2.2, 95% CI 1.9–2.6) compared with those without diabetes.20 The risk of stroke is already
raised in prediabetic stages. Insulin resistance is a risk factor for stroke,31 but whether
insulin concentrations themselves or markers of glucose tolerance convey the highest
risk is debatable.32,33 Therefore, amounts of HbA1c have also been investigated.34 HbA1c
concentrations of greater than 42 mmol/mol (6%) increased the risk of stroke between
two and three times in adults without diabetes, taking the potential confounding effects
of other vascular risk factors into account.34

Diabetes and long-term outcome after stroke
During the first 3 months after ischemic stroke, mortality is not increased in patients with
diabetes compared with those without.35,36 However, mortality more than 1 year after stroke
was slightly increased (hazard ratio 1.2, 95% CI 1.1–1.2); a similar finding was reported
in patients younger than 50 years.36,37 Furthermore, risk of recurrent stroke is raised (1.8,
1.2–2.8),38 which could be even more striking in patients with diabetes younger than 50
years.37 Finally, diabetes is associated with augmented risk of long-term functional deficits
after stroke (odds ratio 1.5, 95% CI 1.1–1.9),35 including an increased risk of post-stroke
dementia (1.5, 1.1–2.3).39

Diabetes and prevention of stroke
Several risk factors for stroke in patients with diabetes are potentially modifiable, in
particular lifestyle factors, glucose concentrations, blood pressure, and dyslipidemia, which
have been targeted in several large randomised controlled trials (Panel 5.2). Neurologists
typically distinguish between primary prevention (e.g., prevention of first stroke) and
secondary prevention (e.g., prevention after transient ischemic attack or ischemic
stroke). However, this distinction is not always made in published work on prevention of
cardiovascular events in people with diabetes. Lifestyle probably has the largest effect
on risk of stroke, and smoking, obesity, inactivity, excessive alcohol intake, and unhealthy
diets should be strongly discouraged in people with diabetes. Lifestyle modification in this
population is associated with a substantial decline in stroke incidence (hazard ratio 0.62,
95% CI 0.39–0.98).42 Moreover, modest weight loss (5–10% of bodyweight) in individuals
with type 2 diabetes has been associated with substantial improvement of cardio vascular
risk factors and glycemic control.43,44
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Panel 5.2.
•
•
•
•
•
•

Stroke prevention in diabetes

Regulate blood pressure below 130/80 mm Hg; angiotensin-converting-enzyme inhibitors
or angiotensin II receptor blockers are recommended as first-line treatment40,41
Prescribe statins40
Discourage smoking, inactivity, excessive alcohol intake, and obesity42–44
Prescribe platelet-aggregation inhibitors in patients with clinically manifest vascular
disease and sinus rhythm45
Apply the CHA2DS2-VAS score and prescribe warfarin in patients with clinically manifest
vascular disease and with atrial fibrillation40,46
Undertake carotid surgery in patients with symptomatic high-grade carotid stenosis47

CHA2DS2-VAS = congestive heart failure/left-ventricular dysfunction (1 point); hypertension
(1); age ≥75 years (2); diabetes mellitus (1); stroke/transient ischemic attack/thromboembolism
(2); vascular disease, i.e., previous myocardial infarction/ peripheral artery disease/aortic
plaque (1); age 65–74 years (1); female sex (1).

5

Glucose-lowering treatment
Three large long-term trials have compared the effects of intensive versus standard
glycemic control in participants at fairly high risk of stroke with longstanding type 2
diabetes. In two of these trials, no difference in cardiovascular outcomes was reported
with intensive glycemic control.48,49 In the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) study,50 the glycemic control study was terminated after 3.7 years
owing to increased mortality in the intensive treatment group (HbA1c <42 mmol/mol
[6%]). Participants assigned to the intensive therapy group were subsequently switched
to the standard control group (HbA1c 53–64 mmol/mol [7–7.9%]) and were followed
up for about 1.2 years. Both before and after the transition, risk for non-fatal stroke was
similar (hazard ratio 0.99, 95% CI 0.77–1.1, and 0.87, 0.65–1.2, respectively). At the end
of the study, the rate of death from any cause was 19% higher in the intensive treatment
group (hazard ratio 1.5 vs 1.3, 95% CI 1.0–1.4). Reasons for the higher mortality in the
intensive therapy group in the pretransition period remain unclear.51 In a meta-analysis of
34533 patients with type 2 diabetes, no beneficial effects of tight glycemic control versus
standard glycemic control could be seen on stroke rates during a mean treatment period
of 5 years (hazard ratio 0.96, 95% CI 0.83–1.1).52 Similar findings were noted in a Cochrane
review, in which the effects of targeting intensive versus conventional glycemic control
were assessed in 29986 patients with type 2 diabetes from 20 randomised controlled
trials, with a duration of intervention of between 3 days and 12.5 years.53 Targeting
intensive glycemic control did not reduce the risk of cardiovascular mortality (risk ratio
1.1, 95% CI 0.90–1.3) or non-fatal stroke (0.96, 0.80–1.2).53 Heterogeneity between trials
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did not affect the results. Of 837 non-fatal strokes, 423 were reported from one trial.48 In
a separate meta-analysis dealing exclusively withglycemic control in usual care settings,
the effect estimate on prevention of non-fatal stroke remained non-significant (risk ratio
1.0, 95% CI 0.87–1.2). Risk of severe hypoglycemia was increased significantly when
intensive glycemic control was targeted (relative risk 2.0, 95% CI 1.4–3.0).53 Findings of
the Diabetes Control and Complications Trial (DCCT) showed that 1422 patients with
type 1 diabetes who were treated with intensive control of glucose concentration for 6.5
years had a 57% reduced risk of cardiovascular events over a mean follow-up period of
17 years (95% CI 12–79), compared with individuals receiving conventional treatment.54
However, strokes were rare, with only one event in the intensive treatment group and
five in the conventional treatment group.54
To date, insufficient evidence is available to show that stroke prevention will be improved
by intensive glucose-lowering treatment, in people with either type 1 or type 2 diabetes.
Clinicians should balance risk of (recurrent) hypoglycemia against the advantages of a
lower amount of HbA1c, taking into account patient’s age, duration of diabetes, and
comorbidities.

Vascular risk factors
In patients with type 2 diabetes, lowering of blood pressure has a large effect on risk
of future stroke.55–58 In a meta-analysis of 37736 patients (13 trials) with type 2 diabetes,
impaired fasting glucose or impaired glucose tolerance assessed the effects of blood
pressure control (≤135 mm Hg vs ≤140 mm Hg).59 More intensive control of blood
pressure was associated with a 10% reduction in all-cause mortality (odds ratio 0.90, 95%
CI 0.83–0.98) and a 17% reduction in strokes (0.83, 0.73–0.95), compared with standard
treatment. This difference was mainly driven by trials in which the aim was to achieve
systolic pressure of 130–135 mm Hg. Control of blood pressure below 130 mm Hg was
associated with a greater reduction in stroke but a 40% increase in serious adverse events,
with no benefit for cardiac, renal, and retinal outcomes.59 Most guidelines recommend
a blood pressure of less than 130/80 mm Hg for patients with diabetes.40 The choice
of antihypertensive drugs is probably less important than the target levels. Currently,
angiotensin-converting-enzyme (ACE) inhibitors or angiotensin II receptor blockers
are typically recommended as first-line drugs.40,41 In a post-hoc analysis of the Heart
Protection Study, a daily dose of 40 mg simvastatin administered to 5963 patients with
type 2 diabetes, of whom half did not have any evidence of arterial occlusive disease,
was associated with a 28% (95% CI 8–44) reduction in ischemic stroke, independent of
baseline lipid levels.60 In people with type 2 diabetes with no history of cardiovascular
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disease, daily use of 10 mg atorvastatin was associated with a 37% (17–52) reduction
in cardiovascular events and with a 48% (11–69) reduction in all types of stroke.61 In
9795 patients with type 2 diabetes, of whom 7664 had no history of cardiovascular
disease, micronized fenofibrate 200 mg once daily versus placebo reduced the risk of
cardiovascular events (hazard ratio 0.89, 95% CI 0.80–0.99), including ischemic stroke
(0.91, 0.73–1.1).62 The combination of fenofibrate and simvastatin did not reduce the rate
of fatal or non-fatal cardiovascular events more than simvastatin alone.63 On the basis
of this evidence, statins are recommended for secondary prevention in all individuals
with type 2 diabetes—and in most for primary prevention—depending on their 10-year
cardiovascular risk.40 Consensus on choice of statin has not been reached. In three trials,64–66
multifactorial prophylactic treatment was assessed in people with type 2 diabetes. Of
160 high-risk individuals with longstanding type 2 diabetes and microalbuminuria who
participated in the Steno-2 study,64 a multifactorial approach—including use of statins,
ACE inhibitors, angiotensin II receptor blockers, or an antiplatelet drug as appropriate,
and modification of lifestyle—was associated with reduction of cardio vascular events by
59% (hazard ratio 0.41, 95% CI 0.25–0.67), compared with conventional treatment. The

5

number of all types of stroke during a mean follow-up period of 8 years was five times
higher in the group receiving conventional treatment.64 In 3488 patients participating in
the Euro Heart Survey on Diabetes and the Heart,65 intensive treatment of vascular risk
factors had an independent protective effect on 1-year mortality and cardiovascular events
(relative risk 0.61, 95% CI 0.40-0.91, and 0.61, 0.39–0.95, respectively). No effect on stroke
rate was recorded, but cerebrovascular revascularisation procedures were reduced by
half.65 The benefits of combined control of many vascular risk factors immediately after
early diagnosis of type 2 diabetes were investigated in 3055 patients with diabetes, in
the Anglo-Danish-Dutch Study of Intensive Treatment In People with Screen Detected
Diabetes in Primary Care (ADDITION-Europe).66 During a mean follow-up period of 5.3
years, stroke rates did not differ between groups. A non-significant reduction of cardio
vascular events (hazard ratio 0.83, 95% CI 0.65–1.1) was noted in the intensive treatment
group versus the routine care group.66 Intensive monitoring of vascular risk factors is
important in the long term, as shown by follow-up of individuals participating in the UK
Prospective Diabetes Study (UKPDS).67 Reported differences in blood pressure and stroke
rate disappeared 2 years after termination of the trial. Training programmes for patients
aimed at acquiring the skills for a healthy lifestyle and self-monitoring of blood glucose
and blood pressure can be useful.68
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Antithrombotic treatment
Findings of a trial in which the efficacy of aspirin was assessed specifically in patients
with type 2 diabetes with no history of cardiovascular disease did not show a protective
effect on atherosclerotic events (hazard ratio 0.80, 95% CI 0.58–1.1).69 This trial was not
powered to detect an effect on stroke. In a meta-analysis on use of aspirin for primary
prevention in patients with diabetes, no benefits were recorded with respect to reduction
of serious vascular events, including stroke.70 The effectiveness of antithrombotic drugs
for secondary prevention of stroke has not been studied in a major trial, specifically in
people with diabetes. In the Clopidogrel versus Aspirin in Patients at Risk of Ischemic
Events (CAPRIE) trial,71 in which clopidogrel was compared with aspirin in patients
with atherosclerotic disease (including minor disabling ischemic stroke), the benefit of
clopidogrel for prevention of ischemic events was higher in individuals with diabetes
than in those without (relative risk reduction 12.9%, 95% CI -3.0 to 26.4).71 However,
the conclusions of a meta-analysis of the efficacy of antithrombotic agents in more than
5000 patients with diabetes showed that these drugs reduced both coronary events and
ischemic stroke to a similar degree as in people without diabetes.45 Although the effect
of antithrombotic treatment on prevention of future cardiovascular events is relatively low
compared with rigorous control of risk factors, this type of drug should be considered
in every patient with diabetes who is at risk of future vascular complications. Diabetes
not only is a risk factor for atrial fibrillation30 but also increases the risk of embolic
complications in individuals with atrial fibrillation, as indicated by the CHA2DS2-VAS
score (a measure of the risk of stroke, in which 1 point is assigned to each factor, unless
otherwise noted: congestive heart failure or left-ventricular dysfunction; hypertension;
age 75 years or older [2 points]; diabetes mellitus; stroke, transient ischemic attack, or
thromboembolism [2 points]; vascular disease [previous myocardial infarction, peripheral
artery disease, or aortic plaque]; age 65–74 years; and female sex).46 Therefore, patients
with diabetes and atrial fibrillation should receive platelet aggregation inhibitors if they
have none of the other risk factors included in CHA2DS2-VAS46 and warfarin in all other
cases.72 Dabigatran, rivaroxaban, and apixaban are proven to protect patients with atrial
fibrillation as well as—or even better than—warfarin, but the definite role of these new
antithrombotic drugs in patients with a recent transient ischemic attack or minor ischemic
stroke remains to be established.73

Carotid surgery
Carotid endarterectomy for secondary stroke prevention in patients with high-grade
stenosis of the carotid artery is effective, but has not been investigated specifically in
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patients with diabetes. Both peri-procedural and long-term risks are higher in individuals
with diabetes than in those without,74,75 but this increased risk should not be a reason to
withhold surgery in this group.

Hyperglycemia in acute ischemic stroke
Hyperglycemia arises in 30–40% of people with acute ischemic stroke. 76 Most of
these individuals do not have a known history of diabetes mellitus.21 In some patients,
hyperglycemia reflects pre-existing but unrecognised diabetes, but more often it is the
result of an acute stress response, typically named stress hyperglycemia (Panel 5.3).
Glucose concentrations are raised in people with stress hyperglycemia but revert to normal
after discharge from hospital.77 Therefore, high levels of glucose on admission do not
distinguish between stress hyperglycemia and diabetes, but under these conditions, raised
amounts of HbA1c (≥48 mmol/mol [6.5%]) could help to identify people with previously
undiagnosed diabetes.40,77 Stress hyperglycemia usually resolves spontaneously after

5

dissipation of the acute illness. The stress reaction that results in hyperglycemia is initiated
by activation of the hypothalamic-pituitary-adrenal axis, which leads to raised amounts of
glucocorticoids (cortisol) and activation of the sympathetic autonomic nervous system.
Increased levels of stress hormones stimulate glucose production by glycogenolysis,
gluconeogenesis, proteolysis, and lipolysis. Augmented epinephrine also can result in
insulin resistance and hyperinsulinemia.77,78

Panel 5.3.
•

•
•

Differential diagnosis of hyperglycemia in acute ischemic stroke

Known pre-existing diabetes
• Newly diagnosed diabetes
• Fasting glucose >6.9 mmol/L or random glucose >11.1 mmol/L, persisting after
discharge77
HbA1c ≥6.5% at admission indicates pre-existing type 2 diabetes40
Stress hyperglycemia
• Fasting glucose >6.9 mmol/L or random glucose >11.1 mmol/L, reverting to normal
range after discharge77

Outcome
Compared with patients with normoglycemia, the unadjusted relative risk of in-hospital or
30-day mortality after an ischemic stroke in individuals who are hyperglycemic at admission
is 3.3 (95% CI 2.3–4.7) in those without known diabetes and 2.0 (0.04–90.1) in those with

83

Chapter_5_Merel.indd 83

20-7-2017 09:47:44

Chapter 5

a known history of diabetes.21 This increased risk is independent of other predictors of
poor outcome. By contrast, for persistent hyperglycemia, at 24–48 h after stroke the
relation with poor outcome is less clear.79 The association between hyperglycemia and
poor outcome after stroke is mainly relevant to patients with large vessel infarction.80
In lacunar stroke, moderate hyperglycemia has even been associated with good rather
than poor outcome.76,81

Pathophysiology
Both experimental and clinical studies have investigated extensively the potential
mechanisms underlying the relation between hyperglycemia and poor outcome after
stroke.78 Results of a meta-analysis of experimental studies82 showed that infarcts
were larger in animal models of hyperglycemia, and this effect was more striking for
streptozotocin than after dextrose infusion (140% larger vs 48% larger). The authors
expressed concerns about the validity of experimental observations for the clinical
situation,82 because studies either include models with prolonged hyperglycemia before
stroke (streptozotocin) or with very high glucose loads. Although hyperglycemia—in
amounts that can be encountered in patients—has not been proven definitively to
be a causal factor for impaired outcome after stroke, several mechanisms have been
identified through which hyperglycemia could aggravate cerebral damage in ischemic
stroke, including impaired recanalization and reperfusion injury (Figure 5.2).78 Impaired
recanalization has been attributed to disturbances in coagulation and in fibrinolytic
pathways.83,84 These pathways have been investigated extensively in people with
diabetes, at prediabetic stages, with persistent dysglycemia, and who are resistant to
insulin85 but infrequently in those with acute stroke. Amounts of plasminogen activator
inhibitor 1 and tissue-type plasminogen activator antigens, for example, were higher
in individuals with glucose intolerance compared with those with normal glucose
tolerance.85 Hyperinsulinemia is associated mainly with impaired fibrinolysis in people
with glucose intolerance.86 Moreover, raised levels of fasting insulin are linked to impaired
fibrinolysis and hypercoagulability in individuals with normal glucose tolerance.86 Acute
and chronically raised glucose concentrations show important similarities in their effects
on coagulation activation and impaired fibrinolysis.85 In patients with acute stroke, such
disturbances could impinge on the efficacy of fibrinolytic treatment. Indeed, findings of
transcranial Doppler imaging studies show that hyperglycemia is associated with persistent
arterial occlusion after thrombolytic treatment in individuals with ischemic stroke.87,88 Both
acute and chronic hyperglycemia are associated with widespread abnormalities in blood
vessels that can affect blood flow and vascular reactivity.89,90 Disturbances in metabolism of
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Figure 5.2. Potential effects of hyperglycemia over time on pathophysiological processes entailed
in development of cerebral infarction.
Reproduced from Kruyt and colleagues,78 by permission of Nature Publishing Group.

endothelium-derived nitric oxide probably have a key role in these vessel abnormalities,91,92
which can become especially detrimental when blood flow is acutely compromised—e.g.,
during acute cerebral ischemia. Even when perfusion is restored, hyperglycemia could
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further threaten the tissue, through augmented reperfusion injury.90,93 This process is
mediated by increased oxidative stress and inflammation,94,95 both of which are affected
by hyperglycemia. Moreover, admission hyperglycemia has been linked to increased risk
of haemorrhagic complications after thrombolytic treatment.78 In an observational study of
a large series of patients with acute ischemic stroke treated with intravenous thrombolysis,
the increased risk of haemorrhage was only raised significantly when admission glucose
concentrations were greater than 10 mmol/L.96 In another study, this increased risk was
more evident in patients who had persistent hyperglycemia during the first 48 h after
admission compared with those with admission hyperglycemia only.97 Tight control of
blood glucose could be indicated in the hyperacute phase after thrombolysis, but data
from randomised trials are needed.96 In patients with large-vessel thromboembolic stroke,
hyperglycemia-related mechanisms are likely to affect salvage of the penumbra, the part
of the ischemic area that can still potentially recover if adequate reperfusion is restored
within hours after stroke onset (Figure 5.3). Indeed, findings of MRI studies indicate that
reduced penumbral salvage is a key contributor to increased infarct size in patients with
hyperglycemia at admission.98,99 This effect on the penumbra might also explain why
hyperglycemia is not associated with worse outcome in lacunar stroke, since a penumbra
is usually not present in this stroke subtype. Moreover, lactate produced by astrocytes
has been suggested to be an important rescue source of energy for axons in the basal
ganglia region.76 Enhanced lactate production due to hyperglycemia in lacunar stroke
might fuel and salvage axons.76

Management
Amounts of glucose in plasma should be measured on admission in all patients suspected
of acute stroke, because they direct diagnosis and treatment. Exclusion of patients with
a known history of diabetes from receiving thrombolytic treatment is unnecessary. The
odds of improvement after thrombolysis are similar in people with or without a history
of diabetes (odds ratio 1.5, 95% CI 1.3–1.6 vs 1.53, 1.4–1.6).100 Severe hyperglycemia
can cause focal neurological deficits with sudden onset, thus mimicking stroke.101,102
For this reason, patients with glucose concentrations of greater than 22.2 mmol/L have
been excluded from trials on intravenous thrombolysis. Therefore, whether intravenous
thrombolysis is safe and useful in such patients is unclear. Modern imaging techniques,
such as perfusion CT scanning, can help to differentiate acute cerebral ischemia from
hyperglycemia-related focal neurological deficits (Figure 5.3). This method might make
neurologists less reluctant to withhold intravenous thrombolysis in patients with severe
hyperglycemia, although the risk of hemorrhagic transformation remains a concern.96
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Figure 5.3. Perfusion CT in acute ischemic stroke.
Perfusion abnormalities can be identified on the basis of an area with decreased cerebral blood
flow (B), increased mean transit time (C), and decreased cerebral blood volume (D). With these
measures, the infarct core (A, red) and the potentially salvageable ischemic penumbra (A, green)
can be identified. CT angiography (E) shows occlusion of the middle cerebral artery. Follow-up CT
(F) shows the final lesion at 3 months.

The observed relation between hyperglycemia and poor outcome in patients with ischemic
stroke raises the question of whether outcome can be improved by glucose-lowering
treatment. Experience in disorders other than stroke suggests that glucose-lowering
treatment might be effective.103–105 Trial findings suggested that intensive insulin therapy

87

Chapter_5_Merel.indd 87

20-7-2017 09:47:45

Chapter_5_Merel.indd 88

2

3

2

2

2

Gray et al.108

Johnston et al.109

Kreisel et al.110

Kruyt et al.111

Phase

Ischemic stroke <24 h;
n=38 (10 insulin CTF,
13 insulin, 15 controls)

Ischemic stroke <24 h;
n=40 (20 intervention,
20 controls)

Ischemic stroke <24 h;
n=74 (24 intervention,
50 controls)

All stroke; n=933
(464 intervention,
469 controls)

Ischemic stroke <12
h, all with diabetes
mellitus; n=46
(31 intervention, 15
controls)

Patients

Continuous intravenous insulin
infusion and CTF for 5 days (target
4.4–6.1 mmol/L); monitor every 1–2 h

Continuous intravenous insulin
infusion for 5 days (target 4.4–6.1
mmol/L); monitor every 1-4 h

Intravenous insulin infusion and
subcutaneous insulin (target 3.9–11.1
mmol/L, loose control) or continuous
intravenous insulin infusion for 5 days
(target 3.9–6.1 mmol/L, tight control);
monitor every 1–4 h

Glucose-insulin-potassium
continuous intravenous infusion for
24 hours (target capillary 4-7 mmol/L,
plasma glucose 4.6–8 mmol/L);
monitor every 8 h

Continuous intravenous insulin
infusion for 72 h (target 5–7.2
mmol/L); monitor every 1 h

Intervention

Overview of phase 2 and 3 glucose-lowering trials in acute ischemic stroke

Bruno et al.107

Study

Table 5.1.

Time spent
within target
range

Hypoglycemia;
severe
hyperglycemia

Within-target
success
at 24 h;
hypoglycemia

European
Stroke Scale
and modified
Rankin scale at
90 days

Mean glucose
difference
between the
two groups

Outcome

Median time within target, 55% in
insulin CTF group, 19% in insulin
group, and 58% in controls; 20%
hypoglycemia in insulin CTF
group, 31% in insulin group

Significantly lower glucose levels
in intervention group (p=0.0005);
significantly more hypoglycemia
(incidence rate ratio 5.3, 95% CI
1.2–22.4) in intervention group

Within-target success 90% in
loose control group, 44% in tight
control group; 4% hypoglycemia
in loose control group, 30% in
tight control group, 4% in controls

No significant reduction in
mortality at 90 days (glucoseinsulin-potassium vs control, odds
ratio 1.14, 95% CI 0.86–1.51,
p=0.37)

Significantly lower glucose
concentrations in intervention
group (p=0.001); 35%
hypoglycemia

Results
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2

2

2

Vinychuk et al.113

Vriesendorp et al.114

Walters et al.115

CTF = continuous tube feeding.

2

Staszewksi et al.112

Ischemic stroke <24 h;
n=25 (13 intervention,
12 controls)

Ischemic stroke <24 h;
n=49 (13 basal insulin,
10 meal-related
insulin,
10 hyperglycemic
control,
16 normoglycemic
control)

Ischemic stroke
<12 h; n=128 (61
intervention, 67
controls)

Ischemic stroke <12 h;
n=50 (26 intervention,
24 controls)

Continuous intravenous insulin
infusion for 48 h (target 5–7.9
mmol/L); monitor every 2 h

Basal insulin using intravenous
insulin, or strict glucose control with
predominantly meal-related insulin
using subcutaneous insulin (target
4.4–6.1 mmol/L); monitor every 1-4 h

Continuous intravenous infusion
100 mL/h per 4 h with insulin doses
(target: <7 mmol/L); monitor every
4h

Continuous intravenous insulin
infusion (target 4.5–7 mmol/L);
monitor every 1 h, every 4 h once
stable for 24 h

6.0 vs 6.8 mmol/L (p=0.03)
8% hypoglycemia in intervention,
0% in control
Significant improvement in
neurological status in intervention
group (p=0.05); no reports on
hypoglycaemia
Two insulin-dosing regimens with
a different basal to bolus insulin
ratio failed to lower glucose in
intermittently fed patients in the
first 2–5 days after stroke

Significant reduction in mean
area under glucose/time curve in
intervention group (p=0.04); one
event of hypoglycemia

Time spent
within target
range;
hypoglycemia
Reduction
in plasma
glucose
concentration
Time spent
within target
range

Time spent
within target
range
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had a beneficial effect on outcome of critically ill patients with hyper glycaemia in the
intensive-care unit (ICU) and, subsequently, intensive glucose treatment protocols were
implemented on ICUs worldwide. Data from later studies, however, could not confirm
these earlier positive results. A systematic review of 21 trials of intensive insulin therapy
in the ICU, perioperative care, myocardial infarction, and stroke or brain injury settings
concluded that evidence was inconsistent to show improvement of health outcomes in
admitted patients, and such treatment was associated with an increased risk of severe
hypoglycemia.106 Several studies have assessed specifically the feasibility and safety of
glucose-lowering treatment in patients with acute stroke (Table 5.1). Although glucose
concentrations can be lowered by various insulin treatment regimens, achievement of
stable normoglycemia can be difficult in the first few days after stroke onset, probably
because oral food intake causes fluctuations in glucose levels.114 A possible solution was
reported in a study that used continuous tube feeding in combination with intravenous
insulin administration.111 However, important safety issues remain with respect to glucoselowering treatment, because even with intensive monitoring, many patients can experience
one or more episodes of hypoglycemia.78,114 To facilitate control of hyperglycemia and
to counter the risk of hypoglycemia, various computer-guided treatment protocols have
been developed.111,116 Introduction of continuous glucose monitoring devices might also
help to improve treatment protocols and enhance safety. As yet, no evidence shows that
glucose-lowering treatment improves clinical outcome in patients with acute ischemic
stroke. Findings of randomised controlled trials specifically targeting individuals with
stroke have failed to show beneficial effects. In a meta-analysis of 1296 patients with
acute stroke from seven trials, intensively monitored intravenous insulin treatment (aimed
at maintenance of glucose concentrations between 4.0 and 7.5 mmol/L) was compared
with usual care.117 No difference was seen with respect to poor outcome (odds ratio 1.0,
95% CI 0.8–1.3), and the risk of symptomatic hypoglycemia was significantly higher in
the group treated with insulin (25.9, 9.2–72.7).117 It is noteworthy that the results of this
meta-analysis mainly came from 926 participants in the UK Glucose Insulin in Stroke Trial
(GIST-UK).108 Although this trial was important it did have some limitations. Patients were
treated for only 24 h, during which time mean amounts of glucose in plasma were only 0.57
mmol/L lower in the intensively treated group than in the saline-treated group. Moreover,
22% of participants had lacunar stroke. A large randomised controlled trial is planned, in
which 1400 patients will be randomly allocated to either standard care (aiming at glucose
levels of <10 mmol/L) or intravenous insulin treatment (aiming at glucose concentrations
of 4.4–7.2 mmol/L) for 72 h after stroke (ClinicalTrials.gov identifier NCT01369069). An
insulin infusion protocol will be used that has proven safe and feasible in a pilot study.109
Several questions remain regarding management of hyperglycemia in patients with acute
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ischemic stroke. Should we monitor and lower glucose concentrations and, if so, how? How
long should we maintain strict glucose management after stroke? Furthermore, should
we account for stroke subtype when deciding whether to treat hyperglycemia? Current
American Heart Association and European Stroke Organisation guidelines for management
of ischemic stroke advise that glucose concentrations exceeding 11.1 mmol/L 118
or 10.0 mmol/L119 should trigger the administration of insulin (Panel 5.4).

Panel 5.4.
•

•

Management of hyperglycemia in acute ischemic stroke

Treat hyperglycemia (recommended cut-offs 10.0 mmol/L or 11.1 mmol/L)118,119 and
consider that:
• benefit on clinical outcome is not yet established
• phase 2 studies show that glucose regulation is feasible, but fluctuations in glucose
concentrations and risk of hypoglycemia are a concern111,114
Differentiate between stress hyperglycemia and newly diagnosed diabetes (Panel 5.3)77

5
Conclusions
Diabetes is associated with a doubling of the risk of stroke and with poor long-term outcome after ischemic stroke. Therefore, neurologists should monitor glucose metabolism
in all patients with ischemic stroke. All individuals should be classified as either normoglycemic or with stress hyperglycemia, and with either newly diagnosed type 2 diabetes
or known diabetes. Although the effectiveness of glucose-lowering treatment on clinical
outcome has yet to be established, protocols are becoming available for patients with
ischemic stroke. The possibility of hypoglycemia remains a concern. Neurologists and
primary-care doctors should collaborate with respect to treatment of vascular risk factors
for stroke prevention.

Search strategy and selection criteria
We searched PubMed from 1975 to Dec 15, 2011, with the terms (and synonyms) “stroke”,
“cerebral ischemia”, “cerebral infarction”, “hyperglycemia”, “diabetes”, “glucose”, and
“insulin”, in combination with the key terms “epidemiology”, “risk factors”, “treatment”,
“prevention”, and “outcome”. We only searched for papers published in English. We also
searched reference lists of reports identified with this strategy for relevant publications.
Furthermore, we searched the Stroke Trials Registry, and ClinicalTrials.gov. From the large
amount of published work on these topics we selected mainly randomised controlled trials,
observational studies, and systematic reviews or meta-analyses published in core clinical
journals over the past 5 years. Our final selection was based on originality and relevance to
topics covered in this Review.
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ABSTRACT
Introduction
Acute hyperglycemia (HG) is associated with poor functional outcome after ischemic
stroke, but the association between chronic antecedent HG and outcome is unclear.
We assessed the association between chronic HG, measured by hemoglobin A1c
(HbA1c), and functional outcome in patients with acute ischemic stroke.
Methods
We included 812 patients with acute ischemic stroke (mean age 66±14 years; 61.5%
male). Patients were categorized per HbA1c level: no (<39 mmol/mol), moderate
(39–42 mmol/mol) or severe chronic HG (>42 mmol/mol). Poor functional outcome
was defined as Modified Rankin Scale score >2 after 3 months. The relation between
chronic HG and functional outcome was assessed with a Poisson regression analysis
and expressed as risk ratios (RR) with 95% confidence intervals (95% CI) with no
chronic HG as the reference.
Results
Moderate chronic HG was present in 234 (28.8%) patients and severe chronic HG in
183 (22.5%) patients. Acute HG on admission was present in 338 (41.6%) patients.
Severe chronic HG was associated with poor outcome (RR 1.40; 95% CI 1.09–1.79).
After adjustment for age, sex, stroke severity, vascular risk factors and acute HG
on admission the RR was 1.35 (95% CI 1.04–1.76). Moderate chronic HG was not
associated with poor outcome (RR 1.12; 95% CI 0.87–1.44).
Conclusion
Severe chronic HG is associated with poor functional outcome in patients with
acute ischemic stroke. This association is independent of HG in the acute stage of
stroke and of an unfavourable vascular risk factor profile.
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INTRODUCTION
Admission hyperglycemia (HG) is frequently observed in patients with acute ischemic
stroke, also in the absence of a known history of diabetes.1,2 This admission HG may
be the result of an acute stress response, but may also reflect pre-existent, sometimes
unrecognised diabetes or pre-diabetic stages of impaired glucose metabolism.3
Acute HG on admission is an independent predictor of poor functional outcome and
increased mortality, and is also associated with larger infarct sizes.2,4 It has been suggested
that chronic HG prior to ischemic stroke is also associated with poor functional outcome,
but evidence is inconsistent.5–9 Multiple mechanisms are probably involved, but an
unfavorable vascular risk factor profile or insulin resistance linked to chronic HG may be
possible explanations.1,10 Furthermore, it is unclear if and how acute HG influences the
possible association between chronic HG and poor outcome.
Chronic HG over the past 3 months prior to stroke is most accurately measured with
hemoglobin A1c (HbA1c).11 The objective of our study was to determine if chronic HG,
measured by HbA1c, is associated with poor functional outcome in patients with acute
ischemic stroke. In addition, we evaluated the role of vascular risk factors and acute HG
in this context.

6

METHODS
Patients
All patients participated in the multicenter prospective Dutch acute Stroke Study (DUST)
between May 2009 and August 2013.12 Inclusion criteria for the DUST were (1) clinical
diagnosis of acute ischemic stroke, (2) non-contrast Computed Tomography (CT), CT
Perfusion and CT Angiography examination performed within 9 hours of symptom
onset, and (3) no known history of renal failure or allergy to contrast agents. Institutional
review boards approved the trial. All patients or family gave signed informed consent,
unless a patient died before consent could be obtained, in which case the medical ethics
committee waived the need for consent. Detailed information on the DUST has been
described earlier.13
For the current study, patients with the diagnosis of an ischemic stroke or transient ischemic
attack (TIA) at discharge and with a pre-admission modified Rankin Score (mRS) ≤2 were
included.14 Furthermore, a HbA1c level, measured within 72 hours after admission, had
to be available.
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Clinical assessment
Information was collected about hypertension, dyslipidemia, smoking, atrial fibrillation,
previous myocardial infarction, peripheral artery disease, previous vascular interventions,
treatment with intravenous recombinant tissue plasminogen activator (rtPA) or endovascular
treatment. Stroke severity on admission was assessed by means of the National Institute
of Health Stroke Scale (NIHSS) and stroke subtype by means of the TOAST classification.15
Pre-existing diabetes was defined as a self-reported history of diabetes, reports in the
medical records or use of insulin or oral glucose lowering medication.
HbA1c levels were measured within 72 hours after admission as part of routine testing.
There are no generally accepted criteria to define chronic HG in patients with ischemic
stroke. The American Diabetes Association defines prediabetes as an HbA1c value
≥39 mmol/mol; diabetes as >48 mmol/mol and a value >42 mmol/mol for prediabetes
requiring interventions.16 For our study we used the following cut-offs: 1) no chronic
HG (HbA1c <39 mmol/mol); 2) moderate chronic HG (HbA1c 39–42 mmol/mol) and 3)
severe chronic HG (HbA1c >42 mmol/mol).16,17 In a sensitivity analysis, we separately
considered HbA1c values between 42–48 mmol/mol for severe chronic HG, excluding
the group >48 mmol/mol.
Acute HG was defined as a serum glucose level on admission of ≥7.0 mmol/L.18

Outcome measures
Functional outcome at 3 months was assessed with the Modified Rankin Scale (MRS),
which was obtained by telephone interview by a trained research nurse or neurologist.14
This approach was chosen to ensure maximum follow-up rate and limited attrition. A MRS
score of 0–2 was defined as good outcome, a score of 3–6 as poor outcome.

Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics, version 22. All data are
expressed as means ± standard deviation (SD) or as medians with interquartile ranges
(IQR) when they were not normally distributed. Mean values were compared with analysis
of variance (ANOVA). Differences in proportions were evaluated by the Pearson’s χ2 test.
Differences at the level of p<0.05 were considered statistically significant and variables
were checked for collinearity.
For the association between chronic HG and functional outcome, a Poisson regression
analysis with robust standard errors was performed to calculate adjusted risk ratios (RR)
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with 95% confidence intervals (95% CI).19 The group with no chronic HG was used as the
reference group. Risk ratios were adjusted for age, sex, vascular risk factors, NIHSS on
admission and admission glucose levels. A subgroup analysis for patients without known
diabetes was performed. Risk ratios were also calculated for the relation between acute
HG and poor functional outcome, adjusted for age, sex, vascular risk factors, HbA1c
levels and NIHSS on admission.

RESULTS
From May 2009 until July 2013, 1393 patients were included in DUST. We enrolled 812
DUST participants in the current study (Figure 6.1). The main reason for exclusion for
this substudy was missing HbA1c values (n=495). Of note, assessment of HbA1c levels
was not part of the DUST core protocol and was not standard practice in all participating
centers. Mean age was 66±14 years and 61.5% of the patients was male.

6

1393 patients included in DUST

33 patients excluded due to an
alternative diagnosis than ischemic
stroke or TIA

495 patients excluded due to absence
of hemoglobin A1c levels

53 patients were excluded due to a preadmission modified Rankin Score of >2

812 patients included in the analysis
Figure 6.1.

Flow of patients through the study.
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The median HbA1c level was 38.8 mmol/mol with a range of 19–107 mmol/mol. In 395
(48.6%) patients there was no chronic HG. Moderate chronic HG was present in 234
(28.8%) patients. The remaining 183 (22.5%) patients had severe chronic HG. Known
pre-existent diabetes was present in 11.7% of the total population and more frequently
present in the group with severe chronic HG (43.7%). Acute HG on admission was present
in 338 of the 812 patients (41.6%).
The baseline characteristics for the complete study population and stratified by HbA1c
level are shown in Table 6.1. Patients with severe chronic HG were significantly older and
had more vascular risk factors than patients without chronic HG. Admission HG occurred
more frequently in the moderate and severe chronic HG group than in the no chronic

Table 6.1.

Baseline characteristics
Chronic HG

Variable (%)
n
Age±SD

All patients
(N=812)

No chronic
HG
(N=395)

Moderate
chronic HG
(N=234)

Severe
chronic HG
(N=183)

66±14

63±14

68±13

70±12

Male

499 (61.5)

244 (61.8)

131 (56.0)

124 (67.8)

Diabetes

95 (11.7)

4 (1.0)

11 (4.7)

80 (43.7)

Hypertension

377 (46.4)

137 (34.7)

127 (54.3)

113 (61.7)

Hypercholesterolemia

209 (25.7)

65 (16.5)

43 (29.9)

74 (40.4)

Smoking

238 (29.3)

117 (29.6)

79 (33.8)

42 (23.0)

Prior vascular event

226 (27.8)

86 (21.8)

74 (31.6)

66 (37.9)

Atrial fibrillation

102 (12.6)

25 (10.2)

26 (10.3)

37 (14.3)

SBP on admission (mmHg)
±SD

158 (28)

156±28

159±29

160±28

NIHSS on admission ±IQR

6 (3–11)

5 (2–10)

6 (3–11)

6 (3–12)

6.7 (5.8–8.0)

6.2 (5.6–7.2)

6.7 (5.9–7.5)

8.4 (6.7–10.2)

Admission glucose (mmol/L)
±IQR
Admission HG

338 (41.6)

115 (29.1)

94 (40.2)

129 (70.5)

Fasting glucose (mmol/L)
±IQR

6.0 (5.3–7.0)

5.6 (5.2–6.2)

6.0 (5.3–6.9)

7.5 (6.3–9.4)

HbA1c (mmol/mol) ±IQR

39 (35–42)

35 (33–37)

40 (39–41)

49 (45–58)

Intravenous rtPA

525 (64.7)

256 (64.8)

160 (68.4)

109 (59.6)

50 (6.2)

27 (6.8)

13 (5.6)

10 (5.7)

Endovascular treatment

HG indicates hyperglycemia; SBP, systolic blood pressure; NIHSS, National Institutes of Health Stroke
Scale; HbA1c, hemoglobin A1c; rtPA, recombinant tissue plasminogen activator; IQR, interquartile
range; SD, standard deviation.
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HG group. Moreover, fasting glucose levels after 24 hours were also higher in the groups
with moderate and severe chronic HG. Stroke severity on admission (NIHSS) did not
differ between the groups (p=0.3). Between the groups, no differences were observed in
treatment with intravenous rtPA (p=0.2) or endovascular treatment (p=0.7). Concerning
stroke subtypes, no significant differences were observed between the groups in patients
with large vessel disease (p=0.3), cardio-embolism (p=0.05) and small vessel disease
(p=0.09). Information about follow-up at 3 months was available in 775 patients (95.4%).
Functional outcome stratified for HbA1c level is shown in Figure 6.2. In patients with
severe chronic HG, the risk of poor functional outcome at 3 months was significantly
increased as compared with the group with no chronic HG (RR 1.40; 95% CI 1.09–1.79
adjusted for age and sex; Table 6.2). Additional adjustment for vascular risk factors or
NIHSS on admission did not influence this finding. Patients with moderate HG did not
have an increased risk of poor functional outcome (RR 1.12; 95% CI 0.87–1.44).
Since chronic hyperglycemia is strongly related to acute hyperglycemia, we analysed
the influence of acute hyperglycemia separately. Acute HG on admission itself was also
associated with poor functional outcome with an RR of 1.43 (95% CI 1.16–1.75; adjusted
for sex, age, vascular risk factors and NIHSS on admission). In patients with severe chronic
HG, adjustment for admission glucose levels attenuated the risk of poor outcome (RR
1.27; 95% CI 0.96–1.67).

6

In the multivariate analysis, in which we adjusted for age, sex, NIHSS, vascular risk factors
and admission glucose levels, an overall RR of 1.35 (95% CI 1.04–1.76) was found for
patients with severe chronic HG compared with the group without chronic HG.
In a sensitivity analysis in patients with HbA1c values between 42 and 48 mmol/mol, there
were no differences in risk ratios in between the complete group with severe chronic HG
(age and sex adjusted RR 1.40; 95% CI 1.09–1.79) and the subgroup with HbA1c values
of 42–48 mmol/mol (age and sex adjusted RR 1.43; 95% CI 1.06–1.93). Similar results
were found in the multivariate analysis between these groups.
In 746 patients, fasting glucose levels after 24 hours were available. In these patients,
adjustment for fasting glucose attenuated the risk of poor outcome associated with
chronic HG (age and sex adjusted RR 1.47; 95% CI 1.13–1.91), additionally adjusted
for fasting glucose RR 1.24 (95% CI 0.92–1.67)). In a subgroup analysis in the patients
without diabetes (N=717) after adjustment for age, sex, vascular risk factors, NIHSS on
admission and admission glucose levels the RR for poor functional outcome was 1.26
(95% CI 0.93–1.71).
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Figure 6.2.
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72/183

Severe chronic 183/812
HG

1.40

1.12

1.00

RR

(1.09–1.79)

(0.87–1.44)

reference

95% CI

0.028

Age and sex adjusted

1.41

1.12

1.00

RR

(1.10–1.81)

(0.87–1.45)

reference

95% CI

0.024

Age, sex and vascular
RF* adjusted

(1.14–1.82)

1.44

1.27

1.10

(0.96–1.67)

(0.85–1.42)

reference

0.240

(0.87–1.45)

1.12

0.007

reference

1.00

1.00

RR

95% CI

RR

95% CI

Age, sex and admission
glucose adjusted

Age, sex and admission
NIHSS adjusted

1.35

1.11

1.00

RR

(1.04–1.76)

(0.86–1.43)

reference

95% CI

0.068

Multivariate model§

HG indicates hyperglycemia; RR, risk ratios; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; RF; risk factors; * vascular risk factors are hypertension,
hypercholesterolemia, smoking, atrial fibrillation and prior vascular event; § adjusted for age, sex, vascular RF, admission NIHSS and admission glucose; # applies to reference,
moderate and severe chronic HG group in total.

p for trend#

74/234

234/812

Moderate
chronic HG

97/395

395/812

No.
No.
patients/
poor
total
outcome

No chronic
HG

Poor functional outcome

Table 6.2. Risk ratios for poor functional outcome according to chronic hyperglycemia

Chronic hyperglycemia and acute ischemic stroke
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Discussion
This prospective study demonstrates that severe chronic HG prior to stroke is an
independent risk factor for poor functional outcome in patients with acute ischemic
stroke. Admission HG in the acute stage of ischemic stroke was also associated with an
increased risk of poor outcome.
While the association between acute HG and poor outcome after ischemic stroke is well
established, less is known about the association between chronic HG and stroke outcome.
Currently available studies show heterogeneity in design and study population.5–9 In
some studies, the study population consisted of patients with known diabetes only,5 or
older patients who did not receive intravenous rtPA.9 Other studies had a retrospective
design.6,9 The overall picture that emerges is that chronic HG indeed is associated with
poor outcome, which is in line with the findings of the present study. Earlier studies that
evaluated the role of admission glucose in the relation between chronic HG and outcome,
included patients that were admitted up to 7 to 14 days after symptom onset.5,7,8 These
studies do not allow to assess the possible mediating role of the acute hyperglycemic
stress response. Only one previous retrospective study specifically addressed acute HG,
within 24 hours after symptom onset, in relation to chronic HG and outcome.6 In this study
an association between chronic HG and poor outcome was found, with only a limited
effect of glucose levels on admission,6 which is in line with our findings.
Our findings indicate that chronic HG is an independent risk factor for poor outcome
after ischemic stroke. Therefore, the association between chronic HG and poor
outcome cannot be attributed to the adverse vascular risk factors, such as hypertension,
hypercholesterolemia, atrial fibrillation and prior vascular events that are linked to
chronic HG. There are several possible explanations why chronic HG might be linked to
poor functional outcome. First of all, chronic HG may be associated with pre-existent
cerebral changes that predispose to worse outcome when a stroke occurs. It is known
that chronic HG may lead to changes in the cerebral tissue and cerebral vasculature, such
as cerebral atrophy and small vessel disease.20 In addition, patients with chronic HG may
be predisposed to more severe acute HG in case of a stroke, as was also observed in our
cohort. This could be explained by the pre-existent glucose abnormalities in patients with
chronic HG involving insulin resistance and subsequent acute HG when exposed to an
acute stressor like stroke.21 Acute HG itself was associated with poor functional outcome
and adjustment for this factor attenuated the association between chronic HG and poor
outcome. This could possibly be caused through aggravation of ischemic damage by
disturbing recanalization and increasing reperfusion injury caused by acute HG.21 Other
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factors associated with chronic HG may also negatively influence the course of stroke.
Chronic HG may lead to a protrombotic condition, caused by elevated coagulation factors
and impaired fibrinolysis.22 Amounts of plasminogen activator inhibitor 1 and tissue-type
plasminogen activator antigens, for example, were higher in individuals with glucose
intolerance than in those with normal glucose tolerance. In addition, hyperinsulinemia is
associated with impaired fibrinolysis in patients with chronic HG. In patients with acute
ischemic stroke, these factors may affect vessel recanalization or the efficacy of fibrinolytic
treatment.22,23
It is still uncertain if acute and chronic HG are targets for treatment to improve outcome after
ischemic stroke. In patients with acute HG and ischemic stroke, randomized-controlled trials
have not provided evidence that glucose-lowering treatment improves clinical outcome.24
Achievement of normoglycemia in the early stage of stroke seems to be difficult, and the
possibility of inadvertently causing hypoglycemia is a concern.25 A large phase III trial of
glucose-lowering therapy in acute ischemic stroke that is currently underway will provide
more insights.26 Additionally, presence of chronic HG in patients with ischemic stroke may
identify patients who may benefit from additional interventions, targeting some of the
mechanisms mentioned above. This should be explored in further studies.

6

Limitations
A limitation of our study is that HbA1c levels were not available in 581 of the 1393 patients
included in DUST, but no significant differences were found in patient characteristics,
NIHSS on admission and outcome after 3 months between the included and excluded
patients. Another point is that chronic and acute HG are interrelated as they may share
underlying mechanisms and could even be collinear. In addition, dysglycemia is linked
to an adverse vascular risk profile. However, it is unlikely that collinearity influenced our
findings since none of the variables had a correlation coefficient above 0.7.
Measurement of HbA1c level was performed only once and therefore may be less reliable.
Furthermore, there was no standardized protocol of follow-up glucose measurement or
treatment of hyperglycemia. Possible treatment of hyperglycemia was also not standardly
collected.

Conclusion
Severe chronic HG is associated with poor functional outcome after acute ischemic
stroke. This finding is not due to effects of concomitant acute HG on admission. Possibly,
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processes other than the acute HG response may also provide targets for treatment to
prevent secondary damage in patients with ischemic stroke and chronic HG.
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ABSTRACT
Introduction
Hyperglycemia (HG) occurs in 30–40% of the patients with acute ischemic stroke
and is associated with larger infarct size and poor functional outcome. It is unknown
whether HG is also associated with larger perfusion deficits in the acute stage of
ischemic stroke. As computed tomography perfusion (CTP) is a reliable technique
to determine the infarct core and ischemic penumbra, we aimed to determine if
patients with acute ischemic stroke and HG have larger perfusion deficits or infarct
cores on admission perfusion CT than patients with normoglycemia (NG).
Methods
We identified 80 consecutive patients (mean age 69±11 years, 58% men) with
acute supratentorial non-lacunar ischemic stroke in whom CT showed a perfusion
deficit within 24 h after stroke onset. The size of the total perfusion deficit area
(mean transit time of >145% compared to the contralateral hemisphere) and the
infarct core area (cerebral blood volume of <2.0 ml/100 g) at the level of the basal
ganglia (level 1) and at the level of the corona radiata (level 2) were compared
between patients with HG (admission glucose ≥7.0 mM) and patients with NG with
a MANOVA. Clinical outcome [modified Rankin Scale (mRS) score] after 6 months
was correlated to glucose levels at admission.
Results
Admission HG was present in 33 of the 80 patients (41%). A perfusion deficit was
present in 79 (40% HG) patients at level 1 and 75 (43% HG) at level 2. The total
area with a perfusion deficit (level 1 HG 22.1±11.3 and NG 23.3±12.3 cm2; level 2
HG 27.1±12.3 and NG 25.4±12.0 cm2) and the proportion of the infarct core (level
1 HG 31±30% and NG 25±22%; level 2 HG 33±27% and NG 26±23%) did not
differ significantly between the groups. HG was associated with worse outcome
(mRS ≥3) at 6 months (OR 2.6, 95% CI 0.72–9.1).
Conclusion
As compared to patients with NG, patients with HG did not have larger perfusion
deficits in the acute stage of ischemic stroke. Nevertheless, functional outcome
was worse in patients with HG, which means that poor clinical outcome in stroke
patients with HG could not be explained by a larger perfusion deficit in the acute
stage. Therefore, our study suggests that there might be a window of opportunity
for glucose-lowering therapy in the future.
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INTRODUCTION
Hyperglycemia (HG) occurs in approximately 30–40% of the patients with acute ischemic
stroke.1,2 The majority of patients with post-stroke HG do not have a known history of
diabetes mellitus.3 HG in the acute stage of stroke is associated with increased mortality
and worse functional outcome.4 In patients receiving thrombolysis, it was observed that
this association may be even stronger if HG persists during the first 48 h after stroke.5
Moreover, patients with high serum glucose levels tend to have larger final infarct size
than patients with normal serum glucose levels.6 Although the pathophysiology underlying
this association remains unclear, reduced penumbral salvage has been reported to play
an important role.7–9 It is unknown whether HG is also associated with larger perfusion
deficits in the acute stage of ischemic stroke. If the perfusion deficit on admission in
patients with HG is not larger than in patients with normoglycemia (NG), treatment of
HG might be a window of opportunity in preventing poor outcome in patients with HG.
CT perfusion (CTP) is a reliable technique to determine the infarct core and ischemic penumbra. In the acute stage, non-contrast CT is used to exclude intracerebral hemorrhage.
Non-contrast CT can easily be extended with CTP and CT angiography (CTA) within a
10-min examination. CTP compares well to magnetic resonance imaging (MRI) for imaging of penumbra and infarct core.10–12 The objective of our study was to determine if a
larger total perfusion deficit and a larger infarct core in the acute stage can explain the
worse outcome of patients with HG on admission and acute ischemic stroke as compared
to normoglycemic patients.

7
METHODS
Inclusion criteria
Patients were retrieved from a prospectively established database of all patients with an
acute ischemic stroke who were admitted to the Utrecht University Medical Centre, The
Netherlands, between January 2007 and June 2008. Inclusion criteria for the present study
were (1) a diagnosis of acute non-lacunar ischemic stroke of the anterior circulation; (2)
a non-contrast CT scan and CTP performed on admission within 24 h after stroke onset;
(3) a National Institutes of Health Stroke Scale (NIHSS) score ≥2 at the time of the CT
scan, and (4) a serum blood glucose sample (mM) taken on admission. We included only
patients with large-vessel strokes of the anterior circulation because lacunar strokes and
strokes of the posterior circulation are difficult to visualize well on CTP.13
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Imaging protocol
The admission CT examination included a non-contrast brain CT, CTP and cervical and
intracranial CT angiography. Detailed information on the CTP imaging and analysis
protocol has been described earlier.14 The CTP data were transferred to a workstation
with commercially available CTP analysis software (EBW workstation version 4.5, Philips
medical systems, The Netherlands) for analysis of the total perfusion deficit and the infarct
core. The total perfusion deficit area (cm2) was defined as the area with a mean transit
time (MTT) >145% compared to the MTT of the contralateral hemisphere.15 This area
includes both the irreversibly damaged infarct core as well as the potentially salvageable
penumbra. The infarct core area (cm2) was de- fined as the area within the perfusion
deficit area with a cerebral blood volume of <2.0 ml/100 g.15 CTP analysis software
computed these areas automatically using these thresholds for normal and decreased
perfusion.15 Brain perfusion was measured at two levels of the brain, in the same way as
has been described for the Alberta Stroke Program Early CT Score (ASPECTS).16 The first
assessment was performed at the level where the thalamus and basal ganglia are visible,
and the second measurement was performed just cranial to the basal ganglia at the level
of the corona radiata. This two-level method was used because these measurements
were available as part of the standard scan protocol of CTP in all patients, and the CTP
protocol did not have whole-brain coverage. The CTP slab was positioned to cover at
least the basal ganglia up to the lateral ventricles to ensure that both ASPECTS levels
were included. For the analysis, we measured the total perfusion deficit and the infarct
cores in square centimetres at both levels.

Clinical assessment
We collected information on medical history, use of medication, stroke severity on
admission by means of the NIHSS, treatment with intravenous thrombolysis and serum
glucose levels on admission. HG was defined as a blood glucose level of ≥7.0 mM.17,18

Outcome measures
Our primary outcome measures were the area (in cm2) of total perfusion deficit and
infarct core, as well as the ratio of infarct core to perfusion deficit (index infarct core) on
both levels separately and both levels combined. Our secondary outcome measure was
the modified Rankin Scale (mRS) at 6 months after admission, which was obtained by
telephone interview by a trained research nurse.19 A mRS score of 0–2 was defined as
good outcome, a score of 3–6 as poor outcome.
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Statistical analysis
Admission glucose levels were dichotomized at the value of 7.0 mM. All data (the total
perfusion area, infarct core, and infarct core/perfusion deficit ratio) are expressed as
means ± standard deviation (SD) or as medians when they were not normally distributed.
Mean values were compared by analysis of variance (ANOVA). Differences in proportions
were evaluated by the χ2 test. Differences at the level of p<0.05 were considered
statistically significant. Secondly, the values of the perfusion deficits were entered in
a multivariable regression analysis (MANOVA). In all analyses, we adjusted for disease
characteristics when they influenced the mean difference by >5%. Finally, odds ratios
(OR) and the corresponding 95% confidence intervals (CI) were calculated by means of
logistic regression for the relation between HG and poor outcome. Adjustment for disease
characteristics was performed when they influenced the OR by >5%.

RESULTS
Baseline characteristics
From January 2007 until June 2008, 227 patients presented with an acute ischemic stroke
at our emergency unit. We enrolled 80 consecutive patients who met our inclusion criteria
(Figure 7.1). Of the included 80 patients, 33 patients (41%) had HG on admission.
Table 7.1 shows the characteristics of patients with and without admission HG. Mean
admission blood glucose level was 5.9±0.57 mM in the normoglycemic group and 9.5±3.7

7

mM in the hyperglycemic group. The proportion of patients treated with intravenous
thrombolysis did not differ between the normoglycemic (47%) and hyperglycemic group
(46%).

Primary outcome
Brain perfusion was measured on the level of the basal ganglia (level 1) and on the level
of the corona radiata (level 2). A perfusion deficit was present in 79 (41% HG) patients
at level 1 and in 75 patients (43% HG) at level 2. Seventy-four patients had a perfusion
deficit on both levels. The results of the perfusion measurements are shown in Table 7.2.
No significant difference between the groups was found for the total mean perfusion
deficit, the infarct core and the ratio of infarct core to perfusion deficit on either level 1
or 2, or on a combined analysis for both levels. Adjustment for age, gender and NIHSS
did not influence the results. The range of the infarct core index in the patients with NG
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272 patients in emergency room

77 patients excluded due to lacunar
ischemia or ischemia in the posterior
circulation

53 patients excluded due to the
absence of CT perfusion on admission

17 patients excluded due to NIHSS <2 or duration of symptoms >24 hours before admission

80 patients included in the analysis
Figure 7.1.
Table 7.1.

Flow chart of the inclusion process.
Baseline characteristics
Normoglycemia
N=47
No. (%)

Hyperglycemia
N=33
No. (%)

Male

47 (58.8)

33 (41.3)

Age (years) mean±SD

59±15.3

69±10.9

Characteristics
(N=80)

Diabetes mellitus

4 (8.5)

9 (27.3)

16 (34.0)

17 (51.5)

Systolic BP† (mmHg) mean±SD

143±29.3

155.2±25.5

Diastolic BP† (mmHg) mean±SD

79.7±15.9

83.3±16.8

NIHSS on admission mean±SD

9.9±5.6

13.2±6.2

Blood glucose (mmol/L) mean±SD

5.9±0.57

9.5±3.7

Stroke subtype
Atherothrombotic
Cardio embolic
Dissection
Unknown
Other

11 (23.4)
10 (21.3)
2 (4.3)
23 (48.9)
1 (2.1)

7 (21.2)
12 (36.4)
3 (9.1)
11 (33.3)
0 (0.0)

Intravenous thrombolysis

22 (46.8)

15 (45.5)

Hypertension

§

†

BP indicates blood pressure; § NIHSS indicates National Institutes of Health Stroke Scale.
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6.66±7.18
9.24±8.94

0.31±0.30
0.33±0.27

Infarct core (cm2)
Level 1 (N=79)
Level 2 (N=75)
Level 1 and 2 (N=74)

Index infarct core
Level 1 (N=79)
Level 2 (N=74)
Level 1 and 2 (N=73)
0.25±0.22
0.26±0.23

5.92±6.63
6.31±7.47

23.3±12.3
25.4±12.0

Normoglycemia
Mean (SD)

* Unadjusted; ** Adjusted for age and sex; *** Adjusted for age, sex and NIHSS.

22.1±11.3
27.1±12.3

Hyperglycemia
Mean (SD)

MANOVA for the total perfusion deficits and infarct cores in HG and NG

Total perfusion deficit (cm2)
Level 1 (N=79)
Level 2 (N=75)
Level 1 and 2 (N=74)

Table 7.2.

F=1.07 (p=0.35)

F=2.18 (p=0.12)

F=1.94 (p=0.15)

Model I*
(95% CI)

F=0.91 (p=0.41)

F=1.69 (p=0.19)

F=1.23 (p=0.30)

Model II**
(95% CI)

F=0.29 (p=0.75)

F=0.99 (p=0.38)

F=1.26 (p=0.29)

Model***
(95% CI)

Hyperglycemia and perfusion in acute ischemic stroke
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was 0.0–0.8 and 0.0–1.0 in the patients with HG. In additional analyses, with a higher
glucose cut-off point of 9.0 mM, HG was still not associated with larger perfusion deficits.

Secondary outcome
In total, 18 patients died during their hospital stay (17% of the patients with NG and 30%
of the patients with HG). Follow-up at 6 months by means of the mRS score [18] was
obtained in all surviving patients. The crude OR for poor outcome associated with HG
was 4.2 (95% CI 1.6–11.3). After multivariate adjustment for age, gender and NIHSS, the
OR for poor outcome associated with HG was 2.6 (95% CI 0.72–9.1).

Discussion
This study demonstrates that HG is not associated with the size of the total perfusion
deficit and infarct core in the acute stage of ischemic stroke. In accordance with previous
research, where HG was found to be an independent predictor for poor outcome,1 we
demonstrated the relation between HG and poor clinical outcome. We therefore believe
that reduced penumbral salvage in patients with HG may be a possible explanation for
the relatively poor outcome of these patients.
Although definitive evidence for a direct causal relation between HG on admission
and poor outcome is lacking, experimental and clinical studies have identified several
mechanisms through which HG could aggravate cerebral damage in ischemic stroke,
including impaired recanalisation and reperfusion injury.7 In patients with large-vessel
thromboembolic stroke, these HG-related mechanisms are likely to have an impact on the
salvage of the penumbra, the part of the ischemic area that is still potentially salvageable
if adequate reperfusion is restored within hours after stroke onset. In fact, MRI studies
have shown that reduced penumbral salvage appears to be a key contributor to increased
infarct size in patients with HG at admission.8,20 Parsons et al. have studied the association
between HG and the penumbra by acute perfusion-diffusion lesion mismatch on MRI.8
They found that in 63% of the patients with acute perfusion-diffusion lesions, acute HG
was correlated with reduced penumbra salvage. Moreover, studies using animal models
suggest that HG leads to decreased reperfusion to the ischemic tissue due to inhibition
of vasodilatation and increased vasoconstriction, which might in turn lead to reduced
penumbral salvage.21–24
However, it was not clear if HG was associated with a proportionally smaller penumbra
already in the acute stage. Based on our results, we have reason to believe that there
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are no perfusion differences in the acute stage, which may have implications for glucoselowering therapy in patients with an acute ischemic stroke and HG.

Limitations
The thresholds used in this study to define the total ischemic defect (relative MTT
difference of 145%) and infarct core (cerebral blood volume <2 ml/100 g) on ad- mission
CTP are based on a study of final infarct size in patients with and without recanalization.15
A point of concern might be that the final infarct size and recanalization was not measured
in our study and we have no information on how the perfusion deficits develop over
time. Another limitation might be that perfusion was only measured on two levels of the
brain, which may have caused an underestimation of the perfusion deficits. In addition,
our results are based on a relatively small sample size and therefore our findings need
to be confirmed in a larger cohort study in the future.
One of the strengths of our study is the prospective collection of patients and the large
number of patients who underwent CTP on admission in the acute phase of ischemic
stroke. Our study population and data are therefore representative for the population of
acute ischemic stroke. Furthermore, our study is the first to evaluate HG and the size of
perfusion deficits on admission at CTP.

Conclusion
Although functional outcome is worse in acute stroke patients with HG compared to
patients with NG, the perfusion deficit on admission is not larger in patients with HG.

7

This suggests that there might be a window of opportunity for glucose-lowering therapy
in the future in order to improve clinical outcome in patients with HG.
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ABSTRACT
Introduction
Patients with acute ischemic stroke and admission hyperglycemia (HG) are known
to have larger final infarct size and poorer outcome than normoglycemic (NG)
patients. Yet, the relation between HG and cerebral perfusion in the acute stage of
stroke is largely unknown. We assessed the association between HG and cerebral
perfusion, infarct size and functional outcome.
Methods
We included 617 patients with ischemic stroke and an anterior circulation perfusion
deficit (mean age 66±14 years, 55% male) within 9 hours after symptom onset.
Total perfusion deficit, penumbra and infarct core areas on admission and infarct
volume after 3 days were compared between hyperglycemic and normoglycemic
patients with an ANCOVA. Functional outcome (Modified Rankin Scale (mRS) at 3
months was related to admission HG.
Results
Admission HG was present in 43% of the patients. In the acute stage, HG was
independently associated with larger total perfusion deficits (mean difference 3.1
cm2; 95% CI 0.73–5.5) and larger penumbra areas (mean difference 3.2 cm2; 95%
CI 1.3–5.0), but not with larger infarct cores (mean difference -0.04 cm2; 95% CI
-1.8–1.7). After 3 days, patients with HG had significant larger infarct sizes (median
23.6 ml; IQR 4.6–86.9) than patients with NG (11.4 ml; IQR 2.1–59.5). HG was also
associated with poor functional outcome (mRS 3–6) (RR 1.39; 95% CI 1.18–1.65).
Conclusion
In the acute stage of ischemic stroke, HG is associated with larger penumbras, but
not with a larger infarct cores when compared to NG. However, infarct size after
3 days is larger in patients with HG, indicating that penumbral salvage is worse in
patients with HG.
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INTRODUCTION
Admission hyperglycemia (HG) occurs in 30–40% of people with acute ischemic stroke.1
Most of these individuals do not have a known history of diabetes mellitus.2 HG in the acute
stage of ischemic stroke is associated with increased mortality and with worse long-term
functional outcome.1,3 Moreover, patients with HG tend to have a larger final infarct size
than patients with normal glucose levels.3 The pathophysiology underlying this association
remains unclear, but reduced penumbral salvage has been suggested to play an important
role.4,5 It is unknown, however, if cerebral perfusion is already compromised in the acute
stage of ischemic stroke in patients with HG and how this is related to final infarct size.
The objective of our study was to determine the effect of acute HG on cerebral perfusion
using CT perfusion (CTP) in a large prospective cohort of patients with acute ischemic
stroke. Furthermore, we assessed the effect of admission HG on final infarct size and
functional outcome.

METHODS
Inclusion criteria
All patients participated in Dutch acute stroke study (DUST), a prospective multi-center
cohort study including adult patients with a clinical diagnosis of acute ischemic stroke
within nine hours after symptom onset between May 2009 and August 2013.6 A detailed
description of the DUST study protocol and the main results have been published
previously.6,7 Institutional review boards approved the study, and written informed consent
was obtained for each patient. In case the patient died before consent was acquired, the
ethics committee waived the need for consent.
For the current study, we selected patients with a visible perfusion deficit in the anterior

8

circulation on at least one of the two Alberta Stroke Program Early CT Score (ASPECTS)
levels on the admission CTP8,9 and with known serum blood glucose levels measured
on admission.

Clinical assessment
Patient characteristics were collected at admission and included age, medical history,
presence of vascular risk factors, use of antithrombotic medication and treatment of ischemic
stroke. Stroke severity on admission was assessed by means of the National Institutes of
Health Stroke Scale (NIHSS)10 and stroke subtype by means of the TOAST classification.11
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HG on admission was defined as a blood glucose level of 7 mmol/L or higher. Clinical
management of admission HG was left at the discretion of the treating physician. Treatment
of HG was not recorded for the present study.

Imaging protocol
The admission CT examination included a non-contrast CT (NCCT), CTP, and CT
angiography (CTA) of the cervical and intracranial arteries. Detailed information on the
CT imaging and analysis protocol has been described earlier.7 All scans were evaluated
by one of three experienced observers, who were blinded for all clinical data except for
the side of symptoms.
CTP coverage varied according to the type of CT scanner, with minimal coverage of both
ASPECTS levels in all patients with anterior circulation stroke symptoms.8,9 The first level
was where the thalamus and basal ganglia are visible, and the second level was just cranial
to the basal ganglia at the corona radiata and the centrum semiovale. Threshold-defined
penumbra and infarct core maps were calculated for both ASPECTS levels based upon
previously reported mean transit time (MTT) and cerebral blood volume (CBV) thresholds
for this CTP post-processing software.12 The total perfusion deficit area was defined as
the area with an MTT ≥145% compared to the contralateral hemisphere. Within this area,
infarct core was separated from the penumbra by a CBV value <2.0 ml/100g.12
Follow-up imaging was performed after 3 (±2) days with NCCT or MRI, according to the
decision of the treating physician.

Outcome measures
Imaging outcome measures for the present study were perfusion metrics at admission
and infarct size at follow-up imaging. Perfusion metrics, including mean area in cm2 of the
total perfusion deficit, the penumbra and the infarct core, were measured on the ASPECTS
levels. If CTP data were available of both ASPECTS levels, the mean area was calculated.
In case perfusion data were missing on one of the two ASPECTS levels, only the data at
the available level were used in the analysis. Infarct size was measured in millilitres (ml).
This was obtained by manually tracing the infarct area(s) on the axial NCCT slices or on
the axial diffusion weighted imaging slices on the MRI. The surface of these area(s) was
subsequently multiplied by the slice thickness to obtain an infarct volume per slice. The
infarct volumes of all slices on which the infarct was visible were added up to obtain the
total infarct volume.
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Our functional outcome measure was the modified Rankin Scale (mRS) at 3 months after
admission, which was obtained by telephone interview by a trained research nurse.13 A
mRS score of 0–2 was defined as good outcome, a score of 3–6 as poor outcome.

Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics, version 22. All data are
expressed as means ± standard deviation (SD) or as medians with interquartile ranges
(IQR) when they were not normally distributed. Mean values were compared with analysis
of variance (ANOVA). Differences in proportions were evaluated by the Pearson’s χ2 test.
Differences at the level of p<0.05 were considered statistically significant.
The association between HG and the area of the total perfusion deficit, penumbra, infarct
core on admission, and final infarct size after 3 days was calculated by analysis of covariance
(ANCOVA). Mean differences between NG and HG were calculated with corresponding
95% confidence intervals. Patients with no visible penumbra area (only infarct core) or no
visible infarct core area (only penumbra) on admission or no visible infarct after 3 days
were included in the analyses with an area of 0 cm2 for the admission scan or volume of
0 ml for the follow-up scan. In a sensitivity analysis, penumbra and infarct core areas on
admission and infarct volumes after 3 days were log-transformed after addition of 1 ml
to secure a normal distribution of the variables.
We adjusted for age, sex, NIHSS on admission, hypertension, hyperlipidemia, myocardial
infarction, atrial fibrillation, previous use of antithrombotic medication, time from symptom
onset to scan, treatment with intravenous rtPA and stroke subtype according to the
TOAST classification.
The association between HG and functional outcome was calculated by means of Poisson
regression analysis with a robust standard error. The relation was expressed as a relative
risk (RR) with corresponding 95% confidence intervals (CI), respectively.

8

RESULTS
Patient characteristics
Between May 2009 and August 2013, 1393 patients were included in DUST. For the
present study we selected 617 DUST participants with a visible perfusion deficit in the
anterior circulation on at least one of the two ASPECTS levels (Figure 8.1). Reasons for
exclusion from the current study were the absence of a perfusion deficit (n=659), missing
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1393 patients included in DUST

659 patients excluded due to absence
of any perfusion deficit on ASPECTS
level 1 and 2

108 patients excluded due to
irretrievable CT perfusion data

9 patients excluded due to absence of
serum glucose sample on admission

617 patients included in the analysis
Figure 8.1.

Flow of patients through the study.

or incomplete CTP data (n=108) or no glucose sample on admission (n=9). The 776
excluded patients had a significantly lower median NIHSS score on admission (NIHSS
4; IQR 2–7 versus NIHSS 10; IQR 5–15) and better functional outcome at 2 months than
included patients (73% versus 57%). However, there was no difference in the occurrence
of HG (included patients 43%; excluded patients 42%). Mean age for included patients
was 66±14 years and 55.4% of the patients was male.
Admission HG was present in 264 (42.8%) patients. Known pre-existent diabetes was
present in 13.0% of the study population. The median total perfusion deficit area was
20.8 cm2 (9.0–29.8); median penumbra area 13.3 cm2 (IQR 4.2–20.1) and median infarct
core area 7.5 cm2 (IQR 7.4–11.1). Follow-up imaging was available in 523 (84.4%) of the
patients. Median infarct volume after 3 days was 16.1 ml (IQR 2.8–73.2). There were 65
(24.3%) patients without a visible infarct on follow-up imaging. Information about functional
follow-up at 3 months was available in 612 (99.2%) patients.
The baseline characteristics for the study population and stratified by admission HG
are shown in Table 8.1. Patients with admission HG had a worse vascular risk profile
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(i.e. diabetes, hypertension and hyperlipidemia) and slightly higher NIHSS scores at
admission. With regard to stroke subtypes, large-artery atherosclerosis occurred more
often in the HG group, whereas strokes of undetermined cause occurred less frequently
in the HG group compared to the NG group. There was no difference in the occurrence
of small vessel occlusion, cardioembolic strokes or stroke of other causes. Fewer patients
with admission HG were treated with intravenous rtPA compared with patients with NG
(60.3% in HG; 70.8% in NG).

Table 8.1.

Patient characteristics

Characteristics
n

All patients
N=617

Normoglycemia
N=353

Hyperglycemia
N=264

66±14

66±15

67±13

Male

342 (55.4)

197 (55.8)

145 (54.9)

Previous stroke or TIA

128 (20.7)

76 (21.5)

52 (19.7)

Hypertension

324 (52.5)

167 (47.3)

157 (60.6)

Diabetes

80 (13.0)

17 (4.8)

63 (23.9)

Age, years

Hyperlipidemia

182 (29.5)

79 (22.4)

103 (39.0)

Myocardial infarction

108 (17.5)

53 (15.0)

55 (20.8)

Atrial fibrillation

84 (13.6)

42 (11.9)

42 (15.9)

Peripheral artery disease

37 (6.0)

16 (4.5)

21 (8.0)

Smoking

173 (28.0)

99 (28.0)

74 (28.0)

Previous use of antithrombotics

241 (39.1)

129 (36.6)

112 (42.4)

Median NIHSS on admission (IQR)

10 (5–15)

9 (5–15)

11 (5–16)

108 (68–182)

102 (65–171)

115 (69–210)

Median time from onset to scan, min (IQR)
Systolic BP, mmHg

155±28

153±28

157±27

Diastolic BP, mmHg

85±17

85±18

84±17

Admission glucose, mmol/L

7.3±2.5

6.0±0.6

9.1±2.9

Intravenous rtPA

410 (66.5)

250 (70.8)

160 (60.3)

Endovascular treatment

62 (10.0)

31 (8.8)

31 (11.7)

Stroke subtype
Large-artery atherosclerosis
Small vessel occlusion
Cardioembolism
Unknown
Other

247 (40.0)
27 (4.4)
137 (22.2)
165 (26.7)
41 (6.6)

127 (36.0)
14 (4.0)
78 (22.1)
110 (31.2)
24 (6.8)

120 (45.5)
13 (4.9)
59 (22.3)
55 (20.8)
17 (6.4)

8

Data are expressed as means ± standard deviation or numbers with percentages in parentheses
unless otherwise indicated. NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile
range; ER, emergency room; BP, blood pressure; rtPA, recombinant tissue plasminogen activator.
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617

Infarct core area (cm )

7.8±12.6

15.4±12.8

23.2±17.6

HG
mean±SD

7.4±9.8

11.7±9.9

19.0±13.8

NG
mean±SD

0.32 (-1.5–2.1)

3.8 (2.0–5.6)

4.1 (1.7–6.6)

Model Ia
(95% CI)

-0.37 (-2.0–1.3)

3.2 (1.4–5.0)

2.8 (0.58–5.1)

Model IIb
(95% CI)

0.2 (-1.6–1.9)

3.0 (1.1–4.8)

3.1 (0.69–5.5)

Model IIIc
(95% CI)

c

7.8±12.6

2.2±1.1

7.4±9.8

2.8±0.64

11.7±9.9

3.1±0.57

19.0±13.8

NG
mean±SD

0.13 (-0.31–0.29)

0.14 (0.04–0.25)

0.11 (0.02–0.20)

Model Ia
(95% CI)

0.08 (-0.66–0.23)

0.12 (0.01–0.22)

0.08 (0.00–0.17)

Model IIb
(95% CI)

0.13 (-0.02–0.30)

0.12 (0.01–0.23)

0.10 (0.01–0.19)

Model IIIc
(95% CI)

a

Adjusted for age and sex b Adjusted for age, sex and NIHSS on admission c Adjusted for age, sex, NIHSS on admission, hypertension, hyperlipidemia,
myocardial infarction, atrial fibrillation, previous use of antithrombotics, time symptom onset to scan, treatment with rtPA and stroke subtype. HG indicates
hyperglycemia; NG, normoglycemia; SD, standard deviation; 95% CI, 95% confidence interval.

Log infarct core (cm2)

2.3±0.91

Infarct core area (cm )

617

2.9±0.66

2

Log penumbra area (cm2)

3.2±0.52

23.2±17.6
15.4±12.8

617

617

Penumbra area (cm2)

2

HG
mean±SD

Log total perfusion deficit (cm )

Total perfusion deficit (cm2)

n

Log transformed mean differences for perfusion parameters on admission in patients with HG and NG

Parameters at baseline

Table 8.3.

a

Adjusted for age and sex Adjusted for age, sex and NIHSS on admission Adjusted for age, sex, NIHSS on admission, hypertension, hyperlipidemia,
myocardial infarction, atrial fibrillation, previous use of antithrombotics, time symptom onset to scan, treatment with rtPA and stroke subtype. HG indicates
hyperglycemia; NG, normoglycemia; SD, standard deviation; 95% CI, 95% confidence interval.

b

617

Penumbra area (cm )

2

617

Total perfusion deficit (cm2)

2

n

Mean differences for perfusion parameters on admission in patients with HG and NG

Parameters on admission

Table 8.2.
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Perfusion metrics and infarct size
In patients with HG on admission, the total perfusion deficit areas were larger compared
to patients with NG (adjusted mean difference 3.1 cm2; 95% CI 0.73–5.5). The penumbral
areas on admission were also significantly larger in patients with HG (adjusted mean
difference 3.2 cm2; 95% CI 1.3–5.0). In contrast, the infarct core areas on admission were
not larger in patients with HG than in patients with NG (adjusted mean difference -0.04
cm2; 95% CI -1.8–1.7). The results are shown in Table 8.2. A sensitivity analysis, in which
these variables were log-transformed, showed no different findings (Table 8.3).
Patients with HG on admission had a median infarct size after 3 days of 23.6 ml (IQR
4.6–86.9). In patients with NG, the median infarct size after 3 days was 11.4 ml (IQR
2.1–59.5) ml (adjusted log mean difference 0.20; 95% CI 0.08–0.33)). In the subgroup
of patients with a visible infarct on follow-up, the infarct size was still larger in the HG
group (adjusted log mean difference 0.18 ml; 95% CI 0.07–0.30). The results are shown
in Table 8.4.

Functional outcome
Poor outcome occurred in 290 patients (57% of the patients with HG and 40% in the
patients with NG). HG was independently associated with poor functional outcome with
a RR of 1.39 (1.18–1.65) after adjustment of age, sex, NIHSS on admission, vascular risk
factors, previous use of antithrombotic medication, time from onset of symptoms to
scan and treatment with rtPA. Functional outcome stratified for HG and NG is shown in
Figure 8.2.

Discussion
This large prospective study in patients with acute ischemic stroke demonstrates that

8

penumbral areas on admission are larger in patients with HG than in patients with NG
whereas there was no difference in the size of the infarct cores between the groups.
Yet, after 3 days final infarct size is larger in patients with HG, indicating that penumbral
salvage is reduced. Functional outcome at 3 months is also worse in patients with HG.
Few previous studies have addressed the association between HG and cerebral perfusion
disturbances in the acute stage of ischemic stroke. In a study of 69 patients, the association
between HG and the penumbra was assessed by acute perfusion-diffusion lesion mismatch
on MRI.14 They found that in the 63% of patients with acute perfusion-diffusion lesions,
acute HG was correlated with reduced penumbra salvage. In an earlier study performed in
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458

523

60.3±87.8
1.3±0.69

1.5±0.65

1.1±0.79

51.9±84.1

NG
mean±SD

75.9±106.0

1.3±0.76

68.0±102.9

HG
mean±SD

0.17 (0.05–0.30)

0.20 (0.07–0.33)

Model Ia
(95% CI)

0.17 (0.06–0.28)

0.19 (0.07–0.31)

Model IIb
(95% CI)

0.18 (0.07–0.30)

0.20 (0.07–0.33)

Model IIIc
(95% CI)

a

Adjusted for age and sex b Adjusted for age, sex and NIHSS on admission c Adjusted for age, sex, NIHSS on admission, hypertension, hyperlipidemia, myocardial
infarction, atrial fibrillation, previous use of antithrombotics, time symptom onset to scan, treatment with rtPA and stroke subtype. $ Patients with a visible
infarct (i.e an infarct volume >0 ml at follow-up). HG indicates hyperglycemia; NG, normoglycemia; SD, standard deviation; 95% CI, 95% confidence interval.

Log Infarct volume (ml)$

Infarct volume (ml)

$

Patients with visible infarct

Log Infarct volume (ml)

Infarct volume (ml)

All patients with follow-up

n

Log transformed mean differences for infarct size after 3 days in patients with HG and NG

Infarct size after 3 days

Table 8.4.
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2007–2008, we showed no differences in perfusion deficits between patients with HG and
those with NG.15 The use of earlier generation CT-scanners, the lower portion of patients
with large vessel atherosclerosis (22%) and the small sample size (n=80) in that previous
study are likely to explain the differences in results compared with the present study.
Our findings that patients with HG in the acute stage of ischemic stroke had a larger
total perfusion deficit, but a similar infarct core compared with patients with NG, imply
that in patients with HG there is relatively more penumbral tissue at admission. In other
words, the part of the ischemic area that is at risk but still potentially salvageable if
adequate reperfusion is restored within hours after stroke onset is larger than in patients
with NG. Whether the increased perfusion deficit in relation to HG is a consequence of
compromised blood flow or worse leptomeningeal collaterals due to HG,16 or whether a
larger perfusion deficit and worse condition at admission induce HG cannot be derived
from our data. However, previous experimental studies have suggested that induction
of HG may lead to metabolic derangements, decreased reperfusion and inflammation,
and adversely influence cerebral perfusion already in the acute stage of ischemic stroke
(30–120 minutes).17,18
We also demonstrated that HG is independently associated with larger infarcts at followup and worse functional outcome. These findings are in line with previous studies.1,5,19
As the infarct core at admission is not different between patients with HG or NG, this
suggests that after admission there is more infarct growth due to reduced penumbral
salvage. Our results suggest that a detrimental, but potentially reversible, influence of HG
is already present in the acute stage of ischemic stroke, but leads to irreversible damage
in the first days after ischemic stroke by affecting the salvage of the penumbra. This is in
line with earlier smaller MRI studies that indicated that reduced penumbral salvage is a
key contributor to increased final infarct size in patients with HG in the acute stage.19,20
Other studies using animal models have also suggested that HG could aggravate cerebral
damage and reduced penumbral salvage through mechanism as impaired recanalization,
decreased reperfusion and increased reperfusion injury.17,21–23
In patients with ischemic stroke and acute HG, randomized-controlled trials have not
provided evidence that glucose-lowering treatment improves clinical outcome.24,25 One
factor in this lack of effect may be that achieving NG in the early stage of stroke can be
difficult, and the possibility of inadvertently causing hypoglycemia remains a concern.4,26
Moreover, the optimal duration of glucose-lowering treatment has not yet been
determined. The present results do indicate that at admission there is still a larger amount
of potentially salvageable tissue in people with HG, offering a window of opportunity for
glucose-lowering therapy, at least in a subgroup of patients. Previous studies on glucose-
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lowering therapy also included patients with lacunar strokes. In these patients HG has not
been linked to worse outcome in observational studies.27 Therefore, glucose-lowering
therapy might be particularly beneficial in patients with non-lacunar infarcts with larger
perfusion deficits. Hopefully, a large phase III trial of glucose-lowering therapy in acute
ischemic stroke that is currently underway will provide more information on this topic.28

Limitations
Our study has limitations. CTP coverage did not include the whole brain. Therefore, the
perfusion deficit was assessed two dimensionally on the two ASPECTS levels, whereas
infarct volumes were assessed in three dimensions at follow-up. Consequently, this
implies that penumbral salvage cannot be measured directly. In addition, infarct volume
was measured after 3 days, which could have led to an overestimation of the true infarct
volume due to the presence of cytotoxic oedema, as it has been shown that infarct volume
is smaller after 3 months.29 Finally, there was no standardized protocol of follow-up glucose
measurement or treatment of HG and possible treatment of HG was also not recorded.

Conclusion
HG is independently associated with larger penumbra areas in the acute stage of ischemic
stroke, but not with larger infarct cores. HG is also associated with larger final infarcts and
with worse functional outcome in these patients. Apparently, HG negatively influences
penumbral recovery. This implies that glucose-lowering therapy in patients with acute
ischemic stroke and HG deserves reappraisal.
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Ischemic stroke carries a significant risk of death and long-term disability. 1,2 Better
understanding of underlying pathophysiology, enhanced diagnostic options, and better
estimation of prognosis are needed to improve long-term outcome. In my thesis, I
have focused on the application of CT angiography and CT perfusion in acute ischemic
stroke. Furthermore, I have explored the role of hyperglycemia in relation to prognosis
and cerebral perfusion in acute ischemic stroke. In this final chapter, I review the main
findings and discuss perspectives for future research.

PART I – CT IMAGING IN ACUTE ISCHEMIC STROKE
In recent years, significant advances have been made in imaging and management of
acute ischemic stroke.3–7 In many stroke centers, multimodal CT imaging has now become
standard practice in the diagnostic evaluation of patients with acute ischemic stroke. CT
angiography and CT perfusion can easily be incorporated in the emergency setting and
have broader availability compared to MRI imaging.

Diagnostic value of CT angiography
In acute ischemic stroke, CT angiography can identify intracranial occlusions in large and
medium size arteries, such as the distal internal carotid artery, proximal middle cerebral
artery or basilar artery.
In the past when intravenous thrombolysis was the only treatment option proven to be
beneficial for patients with acute ischemic stroke,4–6 CT angiography was not routine
practice in most stroke centers. This has changed considerably after endovascular
thrombectomy has been shown to have beneficial effect on outcome.7 CT (or MR)
angiography should now always be performed in patients with suspected acute ischemic
stroke who are eligible for intravenous thrombolysis or endovascular treatment.
CT angiography can also be used to identify an extracranial occlusion of the carotid artery.
Acute occlusions of the extracranial carotid artery are associated with poor outcome and
substantial risk of recurrent stroke.8,9 Spontaneous recanalization of an acute occlusion
may occur.10,11 However, little is known about the natural course of such an occlusion, and
the influence of acute treatment on recanalization.11 Detection of recanalization may be
particularly important when a high-grade stenosis remains. In this situation, subsequent
treatment such as carotid endarterectomy might be indicated. In the DUST cohort, all
patients underwent CT angiography within 9 hours after symptom onset and a substantial
number of these patients received follow-up imaging after three days. In Chapter 3, we
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showed that in 12% of the study population, an acute symptomatic occlusion of the
extracranial carotid artery was present. In one out of every six patients with an occlusion,
we found a residual high-grade stenosis on follow-up imaging. More than half of these
patients underwent subsequent carotid endarterectomy after the acute phase. Based
on these results, I suggest follow-up imaging in all patients with an acute occlusion of
the extracranial carotid artery. Since the natural course and possible recanalization of an
occluded carotid artery is unknown, the timing of follow-up imaging remains unclear.
In our study, mean follow-up time was 3 days. Especially in patients with persistent or
near occlusions, this time-window may be too short if the recanalization process is still
ongoing. Repeated follow-up might be indicated in those patients with persistent or near
occlusions who are eligible for subsequent treatment if a high-grade stenosis would be
found. Hence, the optimal strategy of follow-up imaging and cost-effectiveness needs
to be established.

Diagnostic value of CT perfusion
Whereas CT angiography is crucial for identifying patients with intracranial and
extracranial vessel occlusions, the position of CT perfusion in the diagnostic work-up of
acute ischemic stroke is debated. CT perfusion has a high sensitivity and specificity for
the detection of ischemic stroke,12 and is suggested to increase the diagnostic accuracy
in patients suspected of posterior circulation ischemia.13 Furthermore, CT perfusion is
used to differentiate between penumbra and the irreversible ischemic core,14–17 which
may have implications for treatment selection. However, variations in software, imaging
protocols and post-processing techniques may hinder widespread implementation of CT
perfusion.18 Threshold values by which the infarct core is distinguished from the penumbra
are based on a limited number studies.19–21 Moreover, other studies found that these CT
perfusion threshold measures cannot substitute for diffusion weighted imaging with MRI
in measuring the infarct core.15,22 Another important issue is the limited brain coverage on
many of the CT scanners currently in use. Whereas CT angiography typically covers the
aortic arch up to the top of the head, the CT perfusion brain coverage depends on the
type of CT and can vary from a few centimeters to full brain coverage in modern scanners.
Because of these limitations, at present, perfusion and diffusion weighted imaging on
MRI is probably still the best approach to identify infarct core and penumbra.

9

Despite the ongoing debate about the implementation of CT perfusion in daily practice,
my personal view is that CT perfusion in combination with CT angiography has the
potential to become the first-choice approach in the diagnostic work-up of patients with
acute ischemic stroke. The 24-hour availability of MRI is difficult to reach in most centers.
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MRI is also more time-consuming and not as easily combined with CT angiography in the
acute setting compared to CT perfusion and is less cost-effective compared to adding
CT perfusion to the standard CT stroke protocol. Furthermore, better access to CT
scanners with full brain CT perfusion coverage will probably only be a matter of time. In
addition, new CT perfusion techniques are being developed that can extract multiphase
CT angiography and CT perfusion, and even the non-contrast CT, from a single wholebrain dynamic acquisition during contrast injection.23
However, CT perfusion first needs to be validated further, especially for identifying
penumbra and infarct core, before it can be implemented in the routine diagnostic workup of patients with acute ischemic stroke.

Prediction of outcome with CT angiography and CT perfusion
Accurate prediction of clinical outcome in patients with acute ischemic stroke is essential.
When a patient suffers from ischemic stroke, obviously the most frequently asked question
is: “how will the patient recover?” When initiating the DUST study, we hypothesized
that CT angiography and CT perfusion are of additional prognostic value in prediction
of clinical outcome on top of patient characteristics and non-contrast CT (Chapter 2).
Previous prediction models for clinical outcome after acute ischemic stroke mostly relied
on patient characteristics with or without non contrast CT24–39 or individual parameters
of CT angiography and CT perfusion.40–55 At the time the DUST study was initiated, no
information was available about the predictive value of the combination of clinical and
different CT-modalities. In the model that we developed with the data of the DUST study
we investigated the prognostic value of individual CT angiography and CT perfusion
measures on clinical outcome after three months. For CT angiography, the strongest
predictors for poor clinical outcome were the presence of a proximal intracranial occlusion
and poor leptomeningeal collateral flow. The Alberta Stroke Program Early CT Score on
cerebral blood volume maps and mean transit time maps and the size of the infarct core
were the strongest CT perfusion predictors for poor clinical outcome. Next, we developed
multivariable models for the prediction of clinical outcome. The basic prediction model,
based on clinical information, including the National Institutes of Health Stroke Scale
(NIHSS), and non-contrast CT, already had a high prognostic performance, similar to the
models in previous studies.24–39 Addition of CT angiography and CT perfusion parameters
improved the prognostic performance of the basic model only slightly. Therefore, we had
to conclude that CT angiography and CT perfusion have only limited additional prognostic
value when added to patient characteristics and non-contrast CT.
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Based on these findings, it might be questioned whether CT angiography and CT
perfusion should always be performed in patients with suspected acute ischemic stroke.
However, CT angiography has clearly shown its value in identifying occlusions in large to
medium size vessels and the potential of CT perfusion is promising.18 As in other studies,
we confirmed that NIHSS was a very strong predictor of outcome.28,32 However, in a
time where treatment has to be initiated as quickly as possible, performing an relatively
extensive neurological examination in order to obtain a complete NIHSS is rather time
consuming whereas CT angiography and CT perfusion parameters provide a rapid and
simple visual assessment of the acute pathology and may therefore replace NIHSS for the
prediction of outcome. In addition, in selected subgroups of patients, CT angiography
and CT perfusion may be useful for the selection of patients that should receive treatment
in the acute stage. For example, patients with wake-up strokes or with unknown time of
symptom onset can often not be treated with intravenous thrombolysis or endovascular
thrombectomy.56,57 It would be interesting to determine whether CT angiography and
CT perfusion measurement can help to identify these subgroups who may benefit from
treatment. Moreover, studies using perfusion-weighted imaging to randomize patients with
a mismatch profile to endovascular treatment or no treatment in the 6- to 24-hour window
are currently underway (ClinicalTrials.gov: identifier NCT02142283 and NCT02586415)
These efforts may deliver a window of opportunity for acute treatment in patients who
are currently untreated because they have exceeded the current time limits for acute
stroke treatment.

Clinical implementation of CT angiography and CT perfusion
As discussed in the previous sections, implementation of CT angiography and CT perfusion
in the emergency setting may have important benefits. Moreover, CT angiography and CT
perfusion have shown to be cost-effective in selecting patients for intravenous thrombolysis
and endovascular treatment.58,59 Yet, the benefits must be weighed against the potential
harms of the techniques, such as allergic reactions, increased radiation exposure and the
administration of contrast material. Allergic reactions are a risk in every contrast enhanced
CT examination, but without a positive medical history, this risk is limited.60 Currently,
CT angiography can be derived from CT perfusion data with a technique referred to
as “timing-invariant CT angiography”.

61

This technique combines the whole 4D-CT

9

angiography dataset derived from CT perfusion source data into one high-quality 3D-CT
angiography dataset by displaying maximum contrast enhancement with time. Such an
approach allows the improvement of patient safety by reducing the total scanning time,
radiation dose, and amount of contrast material needed.61 Although there is a modest
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increase in radiation dose, most clinicians agree that this limited increase in radiation dose
is well worth the additional information provided by CT angiography and CT perfusion.
Another potential harm of CT angiography and CT perfusion that needs to be mentioned is
the risk of acute nephropathy after contrast administration, also known as contrast-induced
nephropathy.62,63 In the elective setting, this risk is limited as renal function is mostly
known before contrast administration, and preventive measures, such as pre-hydration,
can be taken. However, when a patient with a suspected ischemic stroke is admitted to
the emergency department, renal function is generally unknown before imaging. Waiting
for renal function is unacceptable as it may delay treatment. Therefore, in Chapter 4, we
assessed the occurrence of acute nephropathy after CT angiography and CT perfusion
in the DUST cohort. Our study showed a low incidence (3.7%) of acute nephropathy after
contrast administration in patients with suspected ischemic stroke, even in patients with
renal dysfunction on admission. Only three patients (0.4%) developed persistent renal
dysfunction after acute nephropathy for which treatment was required. In one of these
three patients, a history of renal disease was missed at admission and renal function did
not recover to admission values.
Recently, the causal relation of contrast administration and the development of acute
nephropathy has become increasingly controversial.64–67 Based on the results of our study,
I assume that the causal relation is questionable. A meta-analysis showed that controlled
contrast medium–induced nephropathy studies demonstrate a similar incidence of acute
kidney injury, dialysis, and death between the contrast medium group and the control
group.66 A recent large cohort study even showed that there was no increased risk in
patients with impaired renal function.67 These findings need to be confirmed in prospective
case controlled cohort studies in patients with acute ischemic stroke. Until then, I suggest
follow-up of renal function after CT angiography and CT perfusion and high vigilance of
obtaining a history of renal dysfunction before contrast administration. Currently, there is
no reason to wait for renal function before performing CT angiography and CT perfusion
in the emergency setting.

Topics of future research
•

To assess the optimal timing of follow-up imaging in patients with an acute symptomatic
occlusion of the extracranial carotid artery

•

To further improve the CT perfusion technique with regard to brain coverage and
ischemia detection thresholds
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•

To explore the additional value of CT angiography and CT perfusion in the selection
of patients who may benefit from acute stroke treatment, in particular intravenous
thrombolysis and endovascular treatment

•

To confirm that contrast administration is not associated with an increased risk of
acute nephropathy in patients with suspected ischemic stroke

PART II – HYPERGLYCEMIA AND ACUTE ISCHEMIC STROKE
Hyperglycemia is a common finding in acute ischemic stroke. It may reflect a chronic
condition like diabetes or a prediabetic stage; an acute condition such as stress
hyperglycemia; or a combination of both.68

Chronic hyperglycemia
Chronic hyperglycemia is most commonly found in patients with diabetes. It may also be
present in patients not yet diagnosed with diabetes or a prediabetic stage. Measurement
of hemoglobin A1c is a common method to establish diabetes or prediabetes. Hemoglobin
A1c concentrations of greater than 42 mmol/mol (6%) are associated with a two to three
times increased risk of stroke in adults without diabetes.69 Yet, evidence regarding to the
association between chronic hyperglycemia prior to ischemic stroke and poor functional
outcome is inconsistent. In Chapter 6, we identified severe chronic hyperglycemia,
defined by a hemoglobin A1c concentration >42 mmol/mol, as an independent risk
factor for poor outcome after ischemic stroke. Patients with chronic hyperglycemia may
be predisposed to more severe acute hyperglycemia in case of ischemic stroke, as was
also observed in our cohort. Nevertheless, the relation between chronic hyperglycemia
and long-term poor outcome cannot solely be attributed to this acute hyperglycemia.
Hence, the pathophysiological mechanism still remains unclear.

Acute hyperglycemia
Acute hyperglycemia on admission is indisputably associated with poor outcome in acute
ischemic stroke.70,71 Poor outcome may even be more pronounced in patients without

9

known diabetes, with persistent hyperglycemia or large cortical infarcts.70–72 Several
mechanisms are proposed by which acute hyperglycemia may lead to adverse outcomes.73
Hyperglycemia may result in aggravated cerebral damage, and subsequent reduced
penumbral salvage due to hyperglycemia is likely to be a key factor in association with
poor outcome. Few studies have addressed the association between hyperglycemia and
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cerebral perfusion disturbances in the acute stage of ischemic stroke.74 In our small study
performed in 2007–2008 (Chapter 7), we found no differences in the initial perfusion
deficits between patients with hyperglycemia and those with normoglycemia. In our
larger study based on the DUST cohort, we showed that on admission the perfusion
deficits and penumbras were larger in patients with hyperglycemia, but not the infarct
cores. In concordance with previous research,70,75,76 we showed in Chapter 8 that patients
with hyperglycemia had larger infarct volumes at follow-up compared to patients with
normoglycemia. The difference in findings between our two cohorts is not completely
understood. Nonetheless, differences in sample size, patient selection, CT perfusion
protocols and the lower proportion of patients with large vessel atherosclerosis in the
smaller study may be possible explanations. The findings in our large cohort study support
the concept of reduced penumbral salvage due to hyperglycemia in the acute stage
of ischemic stroke. A limitation is that CT perfusion used in our study did not have full
brain coverage. Therefore, it was not possible to directly compare the perfusion deficits
on admission with the infarct volumes on follow-up non-contrast CT. The increasing
availability of whole brain coverage CT perfusion will probably overcome this problem in
the near future. Despite this limitation, our results suggest that there might be a window of
opportunity for glucose-lowering therapy. To date, however, randomized-controlled trials
in patients with hyperglycemia and acute ischemic stroke have not provided evidence that
glucose-lowering treatment improves clinical outcome.77,78 One factor in this lack of effect
may be that achieving normoglycemia in the early stage of stroke can be difficult, and the
possibility of inadvertently causing hypoglycemia remains a concern.73,79 Moreover, the
optimal duration of glucose-lowering treatment has not yet been determined. Hopefully,
a large phase III trial of glucose-lowering therapy in acute ischemic stroke that is currently
underway will provide more information on this topic.80
There are possible alternative explanations why glucose lowering therapy has failed to
show a beneficial effect on clinical outcome. One could even question whether hyperglycemia on admission should be considered an etiological factor, or solely represents
a risk marker of poor outcome in patients with acute ischemic stroke. In the latter case,
no effort should be spent on determining the effect of glucose lowering therapy. On the
other hand, previous studies on glucose-lowering therapy also included patients with
lacunar strokes. In these patients, hyperglycemia was not linked to worse outcome in
observational studies.72,81 Therefore, glucose-lowering therapy may only be beneficial in
patients with non-lacunar infarcts with larger perfusion deficits. Future research is needed
to either confirm or reject this hypothesis.
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Hyperglycemia and secondary prevention of stroke
Beyond glucose lowering treatment in patients with acute hyperglycemia on admission,
the diagnosis of chronic hyperglycemia in acute ischemic stroke may have implications
for secondary prevention. The risk of recurrent stroke and cardiovascular complications
in patients with chronic hyperglycemia is significant, even in patients with prediabetic
stages.82–86 If chronic hyperglycemia is detected in patients with acute ischemic stroke,
clinicians should be triggered to intensive risk factor management in order to prevent
cardiovascular complications of impaired glucose metabolism and recurrent stroke.87
Furthermore, treatment with pioglitazone is promising in reducing the risk of recurrent
stroke in patients with insulin resistance, but its safety needs to be confirmed in future
trials.88 Hemoglobin A1c is not standardly measured in many stroke centers in the
Netherlands. Since the risk of recurrent stroke and cardiovascular complications of
chronic hyperglycemia is considerable, I recommend measurement of hemoglobin A1c
in every patient with acute ischemic stroke. Subsequent treatment should follow if chronic
hyperglycemia is diagnosed and follow-up of glucose levels and hemoglobin A1c should
establish whether or not chronic hyperglycemia is treated accurately.

Topics of future research
•

To study the concept and mechanisms of reduced penumbral salvage due to
hyperglycemia in patients with acute ischemic stroke in more depth

•

To investigate whether glucose-lowering therapy is effective in subgroups of patients
with acute hyperglycemia on admission

•

To explore treatment options in patients with prediabetes to reduce the risk of
recurrent stroke
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Chapter 10

Ischemic stroke is a leading cause of mortality and long-term disability. Although significant
advances have been made in the management of acute ischemic stroke, a substantial
number of patients still suffers from death and disability on the long-term. To further
improve long-term outcome, better understanding of underlying pathophysiology,
enhanced diagnostic options and better prediction of prognosis are needed.
This thesis focuses on two aspects of acute ischemic stroke. The first part describes the
application of CT imaging in the emergency setting and the prognostic value of CT
angiography and CT perfusion in acute ischemic stroke. The second part addresses the
importance of hyperglycemia as a vascular risk factor and its relation to poor outcome after
ischemic stroke. Furthermore, the second part evaluates the influence of hyperglycemia
on cerebral perfusion, building on the CT techniques that were the focus of the first part
of this thesis.

PART I – CT IMAGING IN ACUTE ISCHEMIC STROKE
Chapter 2 describes the prognostic value of CT angiography and CT perfusion for clinical
outcome in addition to patient characteristics and non-contrast CT. Poor leptomeningeal
collateral flow and the presence of a proximal intracranial occlusion were the strongest
predictors of clinical outcome on CT angiography. The strongest predictors on CT
perfusion were the extent of ischemic changes on cerebral blood volume maps and mean
transit time maps and the size of the infarct core. The multivariable prediction models that
were developed showed that the combination of clinical information and non-contrast CT
already had a high prognostic value. When CT angiography and CT perfusion parameters
were added to the multivariable prediction models, there was only a small improvement
of the prognostic value. Therefore, we concluded that in an unselected stroke population
the additional prognostic value of CT angiography and CT perfusion is limited.
An acute occlusion of the extracranial carotid artery is regularly found in patients with
acute ischemic stroke with CT angiography performed in the emergency setting. If a
high-grade stenosis remains after recanalization, this may have important implications
for subsequent treatment, because the recurrence rate of ischemic stroke in patients with
high-grade stenosis is significant.
In Chapter 3, we evaluate the proportion of residual high-grade stenosis (≥70%) on
follow-up imaging patients with an acute symptomatic occlusion of the extracranial
carotid artery. An occlusion of the extracranial carotid artery was present in 12% of our
study population. We found that a residual high-grade stenosis of the extracranial carotid
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artery persists in one of six patients with a symptomatic occlusion in the acute stage of
ischemic stroke. As this may have implications for secondary prevention, we recommend
follow-up imaging in these patients within a week after the event.
When CT angiography and CT perfusion are used in the emergency setting, without
prior knowledge of renal function, the development of acute nephropathy is a possible
complication. Chapter 4 addresses the occurrence of acute nephropathy after CT
angiography and CT perfusion in patients with suspected ischemic stroke. We found
that acute nephropathy after CT angiography and CT perfusion occurred in 3.7% of
the patients. Only three patients (0.4%) developed persistent renal function after acute
nephropathy for which treatment was required. Moreover, the occurrence of acute
nephropathy was not increased in patients with renal dysfunction on admission. Therefore,
we conclude that CT angiography and CT perfusion can be safely performed without
prior knowledge of renal function.

To conclude
•

The additional prognostic value of CT angiography and CT perfusion on top of patient
characteristics and non-contrast CT is limited in patients with suspected ischemic stroke

•

A residual high-grade stenosis of the extracranial carotid artery occurs in one of six
patients with a symptomatic occlusion in the acute stage of ischemic stroke

•

The occurrence of acute nephropathy after CT angiography and CT perfusion is low in
patients with acute ischemic stroke, even if renal dysfunction is present on admission.

PART II – Hyperglycemia and acute ischemic stroke
In Chapter 5, we provide a general review of the interplay between glucose metabolism
and ischemic stroke. We address the epidemiology of the association between diabetes
and stroke, highlighting potentially modifiable risk factors and long-term outcome.
Diabetes is associated with a doubling of the risk of stroke and with poor long-term
outcome after ischemic stroke and rigorous assessment and treatment of associated risk
factors may substantially reduce the risk of stroke in patients with diabetes. Furthermore,
we describe the cause, outcome, and management of hyperglycemia at the time of acute
ischemic stroke. Admission hyperglycemia is a common risk factor for poor outcome after
ischemic stroke. Therefore, glucose metabolism should be monitored in all patients with
ischemic stroke. All individuals should be classified as either normoglycemic or with stress

10

hyperglycemia, and with either newly diagnosed type 2 diabetes or known diabetes.

159

Chapter_10_Merel.indd 159

21-7-2017 11:17:53

Chapter 10

Although the effectiveness of glucose-lowering treatment on clinical outcome has yet to
be established, protocols are becoming available for patients with ischemic stroke. The
possibility of hypoglycemia remains a concern. Neurologists and primary-care doctors
should collaborate with respect to treatment of vascular risk factors for stroke prevention.
Acute hyperglycemia is associated with poor functional outcome after ischemic stroke, but
the association between chronic hyperglycemia prior to stroke and outcome is unclear.
In Chapter 6, we assess the association between chronic hyperglycemia, measured by
hemoglobin A1c and functional outcome in patients with acute ischemic stroke. We
found that moderate chronic hyperglycemia (hemoglobin A1c 39–42 mmol/mol) was
not associated with poor outcome (risk ratio 1.12; 95% confidence interval 0.87–1.44).
However, severe chronic hyperglycemia was associated with poor functional outcome in
patients with acute ischemic stroke (risk ratio 1.35; 95% confidence interval 1.04–1.76). This
association is independent of acute hyperglycemia on admission and of an unfavourable
vascular risk factor profile.
Chapter 7 and Chapter 8 focus on acute hyperglycemia on admission and its influence
on cerebral perfusion in the acute stage of ischemic stroke. In Chapter 7, we found that
patients with hyperglycemia on admission did not have larger perfusion deficits and infarct
cores in the acute stage of ischemic stroke compared to patients with normoglycemia.
However, in Chapter 8 we showed that hyperglycemia on admission was indeed associated
with larger perfusion deficits and penumbras, but not with larger infarct cores. Infarct
volumes at follow-up were larger in patients with hyperglycemia. These findings suggest
that penumbral salvage is worse in patients with hyperglycemia on admission and that
glucose lowering therapy deserves reappraisal at least in a subgroup of patients.

To conclude
•

Chronic hyperglycemia prior to ischemic stroke is associated with worse functional
outcome

•

Acute hyperglycemia on admission is associated with larger final infarcts and worse
functional outcome

•

Acute hyperglycemia on admission negatively influences recovery of the penumbra
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Nederlandse samenvatting
Achtergrond
Een herseninfarct is een van de belangrijkste oorzaken van overlijden en langdurige
invaliditeit. Bij een acuut herseninfarct sluit een bloedstolsel een bloedvat af waardoor
een deel van de hersenen onvoldoende zuurstof krijgt. Hierdoor wordt de functie van dit
gedeelte van de hersenen belemmerd en kunnen er neurologische uitvalverschijnselen
ontstaan, zoals verlamming, taal- of spraakstoornissen, gevoelsstoornissen en/of
gezichtsvelduitval. Wanneer de afsluiting van het bloedvat te lang duurt, raakt het
hersenweefsel onherstelbaar beschadigd. Risicofactoren voor het krijgen van een
herseninfarct zijn roken, overgewicht, hoge bloeddruk, een verhoogd cholesterol
en hyperglycemie (verhoogde bloedsuiker). Indien het vermoeden bestaat op een
herseninfarct, zal er op de spoedeisende hulp direct een CT- of MRI-scan van de hersenen
worden gemaakt. De behandeling van het herseninfarct richt zich op het verwijderen van het
bloedstolsel. Dit is mogelijk door middel van intraveneuze trombolyse, waarbij medicatie
die stolsels oplost per infuus wordt toegediend. Een nieuwe behandelingsmogelijkheid
is de endovasculaire behandeling, waarbij het stolsel kan worden verwijderd met een
katheter die via een bloedvat in de lies wordt opgevoerd naar de hersenen.
Ondanks de recente vooruitgang wat betreft de behandelingsmogelijkheden van het
herseninfarct, houdt een aanzienlijk deel van de patiënten blijvende restverschijnselen.
Om de uitkomst na een herseninfarct te verbeteren is snelle diagnostiek en behandeling
cruciaal, maar ook kennis van de onderliggende mechanismen en de prognose.

Dit proefschrift
In dit proefschrift worden twee aspecten van het acute herseninfarct belicht. In het eerste
deel onderzoeken we de toepasbaarheid en de toegevoegde waarde van aanvullende
beeldvorming in de acute situatie van het herseninfarct. Het tweede deel van dit
proefschrift richt zich op de risicofactor hyperglycemie voor een herseninfarct en op
de invloed van hyperglycemie op de doorbloeding van de hersenen en het functioneel
herstel na een herseninfarct.
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Deel I – Beeldvorming met CT bij een acuut
herseninfarct
Bij patiënten met de verdenking op een acuut herseninfarct speelt beeldvorming van de
hersenen door middel van CT-scan een belangrijke rol. Met een CT-scan van de hersenen
zonder contrast (blanco CT) is het mogelijk om andere oorzaken van acute neurologische
uitvalsverschijnselen uit te sluiten. Naast een blanco CT worden tegenwoordig in veel
ziekenhuizen in Nederland aanvullende CT-scans gemaakt, zoals CT-angiografie en CTperfusie. Met CT-angiografie worden de bloedvaten in de hersenen en de hals in beeld
gebracht. Hierdoor kan de locatie van de afsluiting in het bloedvat bepaald worden en
kunnen de alternatieve routes voor bloed naar het aangedane hersenweefsel (collateralen)
in kaart worden gebracht. CT-perfusie wordt gebruikt om de doorbloeding van het
hersenweefsel, de cerebrale perfusie, zichtbaar te maken. Daarmee is het mogelijk een
uitspraak te doen over het hersenweefsel dat al onherstelbaar beschadigd is (infarctkern)
en het omringende hersenweefsel dat nog te redden is wanneer de afsluiting van het
bloedvat op tijd wordt opgeheven (penumbra).
CT-angiografie en CT-perfusie maken het dus mogelijk de diagnose en uitgebreidheid van
het herseninfarct te ondersteunen en dragen bij aan het verwerpen van een alternatieve
diagnose (zoals een tumor of epileptische aanval). Daarnaast zijn deze technieken mogelijk
ook van toegevoegde waarde in het voorspellen van de uitkomst na een herseninfarct.
Om dit te onderzoeken is in 2009 de ‘Dutch Acute Stroke Study (DUST)’ opgezet. De
DUST is een grootschalig onderzoek in 14 ziekenhuizen in Nederland waaraan bijna 1500
patiënten met de verdenking op een herseninfarct hebben deelgenomen.
In hoofdstuk 2 wordt de toegevoegde waarde van CT-angiografie en CT-perfusie bovenop
de blanco CT en klinische gegevens zoals leeftijd, risicofactoren, mate van uitval en
glucose onderzocht om de klinische uitkomst te voorspellen. De klinische uitkomst is drie
maanden na het ontstaan van het herseninfarct vastgesteld. Patiënten met een slechte
klinische uitkomst hadden na drie maanden hulp van anderen nodig bij het uitvoeren van
alledaagse handelingen zoals eten, drinken, opstaan, aankleden en wassen. Wanneer
patiënten deze handelingen zelfstandig konden uitvoeren, werd dit als een goede klinische
uitkomst beschouwd.
Een belangrijke voorspeller voor een slechte uitkomst in beeld gebracht met CTangiografie blijkt het ontbreken van collateralen. Daarnaast blijkt de kans op een slechte
klinische uitkomst ook groter wanneer de afsluiting van het bloedvat zich meer proximaal
bevindt, oftewel in het voorste gedeelte van de aftakkingen van de bloedvaten in de
hersenen. Hierdoor is de doorbloeding in een groot gebied van de hersenen verminderd.
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Wat betreft de CT-perfusie, zijn een grote infarctkern en een grote penumbra voorspellers
voor een slechte klinische uitkomst.
In multivariate modellen die ontwikkeld zijn om de uitkomst te voorspellen, bleek dat de
klinische gegevens van een patiënt en de blanco CT al een hoge voorspellende waarde
hebben. Wanneer de parameters van CT-angiografie en CT-perfusie aan deze modellen
worden toegevoegd, blijkt dat de voorspellende waarde slechts in beperkte mate wordt
verbeterd. Hoewel de voorspellende waarde van CT-angiografie en CT-perfusie groot is
wanneer hun parameters afzonderlijk worden onderzocht, is de toegevoegde waarde van
CT-angiografie en CT-perfusie voor het voorspellen van de klinische uitkomst op basis
van ons onderzoek beperkt.
Bij patiënten met een acuut herseninfarct die een CT-angiografie ondergaan, wordt
regelmatig een afsluiting (occlusie) van een halsslagader (arterie carotis interna) gevonden.
Het komt voor dat een occlusie in een later stadium weer open gaat (recanalisatie).
Wanneer er na recanalisatie een ernstige vernauwing (hooggradige stenose) van de
a. carotis interna overblijft kan een aanvullende behandeling nodig zijn (o.a. carotisendarteriectomie). Patiënten met een hooggradige stenose van de a. carotis interna
hebben namelijk een hoog risico op een recidief herseninfarct.
In hoofdstuk 3 hebben we onderzocht in hoeveel patiënten met een occlusie van de a.
carotis interna in het acute stadium een hooggradige stenose overbleef na herhaalde
beeldvorming. In 12% van de patiënten in onze studiepopulatie was er sprake van
een occlusie van de a. carotis interna. Bij één op de zes van deze patiënten bleef er
een hooggradige stenose over bij de herhaalde beeldvorming. Deze bevinding kan
consequenties hebben voor het beleid aangezien deze patiënten mogelijk in aanmerking
komen voor een carotis-endarteriectomie. Daarom adviseren wij bij deze patiënten
herhaalde beeldvorming binnen één week na het herseninfarct.
Naast de voordelen van CT-angiografie en CT-perfusie, zijn er ook potentiële risico’s,
zoals de schadelijke effecten van blootstelling aan röntgenstraling en het optreden van
een allergische reactie na toediening van contrastmiddel. Daarnaast is er een risico op
het ontwikkelen van nierschade (acute nefropathie) na contrasttoediening. Bij patiënten
met de verdenking op een herseninfarct is er meestal geen tijd om te wachten met de
CT-angiografie en CT-perfusie totdat de nierfunctie bekend is. In hoofdstuk 4 wordt
het vòòrkomen van acute nefropathie na CT-angiografie en CT-perfusie onderzocht
bij patiënten met de verdenking op een herseninfarct. Een acute nefropathie na CTangiografie en CT-perfusie trad op bij 3,7% van de patiënten. Daarnaast was het aantal
gevallen van acute nefropathie niet verhoogd bij patiënten met een verminderde
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nierfunctie voor opname in het ziekenhuis. Slechts drie patiënten (0,4%) hadden een
blijvend verminderde nierfunctie waarvoor een aanvullende behandeling noodzakelijk was.
Op basis van dit onderzoek concluderen we daarom dat CT-angiografie en CT-perfusie
veilig kan worden verricht voordat de nierfunctie bekend is.

Conclusies
•

De toegevoegde waarde van CT-angiografie en CT-perfusie bovenop klinische
patiëntgegevens en de blanco CT is beperkt bij patiënten met een acuut herseninfarct.

•

Bij 1 op de 6 patiënten met een acuut herseninfarct en een occlusie van de a. carotis
interna blijft er een hooggradige stenose over. Deze patiënten komen mogelijk in
aanmerking voor een aanvullende behandeling.

•

De incidentie van acute nefropathie na CT-angiografie en CT-perfusie is laag in
patiënten met de verdenking op een herseninfarct, zelfs wanneer de nierfunctie al
verminderd is voor opname.

Deel II – Hyperglycemie bij een acuut herseninfarct
Ontregeling van het glucosemetabolisme komt regelmatig voor bij mensen met een
acuut herseninfarct. Er wordt onderscheid gemaakt in chronische hyperglycemie en acute
hyperglycemie. Chronische hyperglycemie is een situatie waarbij het glucosegehalte in
het bloed al langere tijd verhoogd is, zoals bij diabetes mellitus of een voorloperstadium
van diabetes, zogenaamde pre-diabetes. Chronische hyperglycemie is een risicofactor
voor het ontwikkelen van een herseninfarct en heeft mogelijk ook invloed op de uitkomst
na een herseninfarct.
Een herseninfarct zelf kan ook verstoring van het glucosemetabolisme veroorzaken.
Acute hyperglycemie komt voor bij 30 tot 40% van de patiënten met een herseninfarct.
Het merendeel van deze patiënten is niet bekend met diabetes. Acute hyperglycemie is
geassocieerd met een slechte uitkomst en een hoger sterftecijfer na een herseninfarct.
Patiënten met acute hyperglycemie lijken ook grotere herseninfarcten te hebben dan
patiënten met normale glucosewaarden. Hoewel dit mechanisme nog niet opgehelderd
is, speelt een verminderd behoud van de penumbra een mogelijke rol in dit proces.
In hoofdstuk 5 geven we een overzicht van de interactie tussen het glucosemetabolisme
en een herseninfarct. We bespreken de epidemiologie van de associatie tussen diabetes
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en het herseninfarct, met nadruk op behandelbare risicofactoren en de uitkomst op de
lange termijn.
Diabetes is geassocieerd met een tweemaal verhoogd risico op een herseninfarct en met
slechtere uitkomst op de lange termijn. Agressieve behandeling van risicofactoren draagt
bij aan het reduceren van het risico op een herseninfarct bij patiënten met diabetes.
Daarnaast beschrijven we de oorzaak, uitkomst en behandeling van hyperglycemie in het
acute stadium van een herseninfarct. Aangezien acute hyperglycemie bij opname een
bekende risicofactor is voor een slechte uitkomst na een herseninfarct, is het monitoren van
glucosewaarden noodzakelijk in alle patiënten met een herseninfarct. Hoewel het effect
van glucoseverlagende therapie op de klinische uitkomst nog moet worden vastgesteld,
zijn er protocollen beschikbaar voor patiënten met een acuut herseninfarct. Het optreden
van hypoglycemie (verlaagde bloedsuiker) is tijdens deze behandeling een risico waarvoor
speciale aandacht nodig is. Tenslotte is samenwerking tussen neurologen en huisartsen
van belang voor wat betreft preventie van herseninfarcten.
Hoewel de associatie tussen acute hyperglycemie en een slechtere uitkomst duidelijk is
vastgesteld, is dit voor chronische hyperglycemie en een slechte uitkomst nog onduidelijk.
In hoofdstuk 6 hebben we de associatie tussen chronische hyperglycemie en een slechte
uitkomst na een herseninfarct onderzocht. Om de mate van chronische hyperglycemie
vast te stellen, hebben we gebruik gemaakt van hemoglobine A1c. Dit is een bepaling in
het bloed die de gemiddelde waarde van de bloedsuikerspiegel van de afgelopen drie
maanden weergeeft. We stelden vast dat matige chronische hyperglycemie (hemoglobine
A1c-waarde tussen 39 en 42 mmol/mol) niet geassocieerd was met een slechte uitkomst
(relatief risico 1,12; 95% betrouwbaarheidsinterval 0,87–1,44). Ernstige chronische
hyperglycemie was echter wel geassocieerd met een slechte uitkomst (relatief risico 1,35;
95% betrouwbaardheidsinterval 1,04–1,76). Deze associatie was onafhankelijk van acute
hyperglycemie bij opname en een ongunstig vasculair risicofactorprofiel.
Hoofdstuk 7 en hoofdstuk 8 zijn gericht op acute hyperglycemie bij opname en de
invloed hiervan op de cerebrale perfusie in het acute stadium van een herseninfarct. In
hoofdstuk 7 hebben we gevonden dat patiënten met acute hyperglycemie geen grotere
perfusiedefecten en infarctkernen hadden bij opname ten opzichte van patiënten met
normale glucosewaarden. Echter, uit de grotere studie in hoofdstuk 8 blijkt dat acute
hyperglycemie wel was geassocieerd met grotere perfusiedefecten en penumbra’s bij
opname, maar niet met grotere infarctkernen. Het verschil in resultaten in hoofdstuk 7 en
hoofdstuk 8 kan niet volledig worden verklaard, maar waarschijnlijk speelt het verschil in
populatiegrootte een belangrijke rol. In hoofdstuk 8 was het uiteindelijke infarct ook groter
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bij patiënten met acute hyperglycemie. Deze bevindingen suggereren dat het herstel
van de penumbra verminderd is bij patiënten met acute hyperglycemie bij opname. Dit
geeft wellicht in de toekomst nieuwe mogelijkheden voor glucoseverlagende therapie.

Conclusies
•

Chronische hyperglycemie voorafgaand aan een herseninfarct is geassocieerd met
een slechtere uitkomst.

•

Acute hyperglycemie bij opname is geassocieerd met grotere uiteindelijke herseninfarcten en een slechte uitkomst na een herseninfarct.

•

Acute hyperglycemie leidt tot een verminderd herstel van de penumbra.
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