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Abstract
Background: 10-40% of patients with acute ischemic stroke (AIS) suffer an early neurological deterioration (END),
which may influence their long term prognosis. Multiple definitions of END exist, even in recently published papers.
In the search for causes, various biochemical, clinical, and imaging markers have been found to be associated to
END after AIS in some but not in other studies.
The primary aim of this study is to assess the contribution of END to functional level at 3 months post stroke
measured by modified Rankin Scale (mRS). Secondary aims are to identify factors and mechanisms associated with
END and to define the prevalence, degree and timing of END in relation to stroke onset, and to compare
Scandinavian Stroke Scale (SSS) and National Institute of Health Stroke Scale (NIHSS) based END-definitions.
We hypothesized that END detected by changes in NIHSS and SSS (according to previously published criteria) at a
threshold of 2 points indicate worsened prognosis, and that SSS is not inferior to NIHSS in predicting such a
change. We further hypothesized that clinical deterioration has several causes, including impaired physiological
homeostasis, vascular pathology, local effects and reactions secondary to the ischemic lesion, along with
biochemical disturbances.
Methods: Single-centre prospective observational study.
Participants: Previously at home-dwelling patients admitted to our stroke unit within 24 hours after ictus of AIS are
included into the study, and followed for 3 months. They are managed according to current procedures and
national guidelines. A total of 368 patients are included by the end of the enrolment period (December 31st 2013),
and the material will be opened for analysis by June 30th 2014.
Frequent neurological assessments, continuous monitoring, and repeated imaging and blood samples are
performed in all patients in order to test the hypotheses.
Discussion: Strengths and weaknesses of our approach, along with reasons for the methods chosen in this study
are discussed.
Keywords: Early neurological deterioration, Stroke progression, Stroke scales, Acute ischemic stroke, Clinical
classification
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Background
Almost 60 years ago, a clinical course of stroke with increasing severity of stroke symptoms after the onset was
described [1-3]. Terminology, scales used for clinical assessment, time frames and threshold for clinical significance
have varied between studies on patients suffering what is
now most commonly termed early neurological deterioration (END) [4-9].
END after acute ischemic stroke (AIS) has been found
to be related to case fatality and reduced functional outcome [7,8,10-12], and has been associated with various
findings, subsequently generating various hypotheses.
A relation to thrombus extension has been suggested. A
study conducted in 1983 compared conventional angiographic findings on admission to control angiographs in
15 ischemic stroke patients with neurological deterioration. The findings indicated increased thrombus extension in 8 patients and occlusion of a collateral vessel in 4
patients [13]. However, such findings have not been verified in more recent studies using computer tomography
(CT) or magnetic resonance imaging (MRI) [14].
The literature includes studies where a positive correlation has been found between END and various factors,
including age, previous diagnosis of diabetes and coronary heart disease, greater extent of hypodensity on initial
CT scan [8], presence of a hyperdense media sign [8], of
MCA flow velocity changes, poor cerebral hemodynamic
reserve [15,16], increased stroke severity [17,18], presence
of an internal carotid artery (ICA) or middle cerebral
artery (MCA) occlusion [11], degree of carotid stenosis
[18], and with levels of plasma glucose [19-21], ferritin
[19], excitotoxic aminoacids in CSF and blood [22], proinflammatory cytokines [21], nitric oxide in CSF [23], and
D-dimer [24] and with blood pressure values [7,18,25],
and body temperature [11].
Other studies have found a negative correlation between
END and blood pressure [6] and anti-inflammatory cytokines [26].
High and low triglyceride values have been found to be
associated with haemorrhagic transformation, and low triglyceride values have been found to be associated with an
increased risk of END [27].
Hypoxia is another suggested marker for END, which
may act both directly and via a steal phenomenon [28].
Stroke subtypes may have different risks of END. Lacunar infarctions have been found to be associated with
END when compared to other ischemic stroke subtypes
with similar severity [29,30].
After thrombectomy and thrombolysis, other mechanisms may additionally be at play. After initial recanalization, reocclusion may occur and lead to END in some
patients [31], while new infarctions are found in areas
which are initially mildly hypoperfused in other patients.
Thus impaired clearance of emboli in hypoperfused tissue
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distal to stenoses has been hypothesised [32,33]. Furthermore, parenchymal haemorrhagic transformation may
cause END, and occurs more frequently in patients receiving recanalizing treatment [14]. A case of classical hyperperfusion syndrome after recanalization in a patient with
END has also been reported [34].
Various models have been used to describe mechanisms
leading to END, including collateral failure, clot progression, reocclusion (after initial reperfusion), recurrent stroke,
cerebral oedema, hemorrhagic transformation and seizures
[14], hemodynamic factors, excitotoxicity and inflammatory
mechanisms [35]. There is little evidence to support any
specific treatment which could reduce the impact of END
in patients suffering from such deterioration or protect
against END. However, stroke unit treatment is associated
with a reduced risk of END and recurrent stroke [36].
Whether it also reduces the impact of END on functional
level and mortality is not known. Thus, further research in
the area of END is needed.

Aims
Primary aim

To assess the relation between END after AIS and the
patient’s functional level at 3 months post stroke, including case fatality.
Secondary aims

To define the prevalence, severity and timing of END
and early deteriorating episode (EDE) in relation to AIS
onset.
To identify factors and possible mechanisms associated with END and EDE after AIS.
To assess the relation between early deteriorating episode (EDE) and functional level at 3 months post stroke,
including case fatality.
To compare Scandinavian stroke scale (SSS)- and
NIHSS-based END-definitions.
To assess the impact on renal function and risk of
contrast induced nephropathy in stroke patients examined with intravenous contrast agents.

Methods
Definitions

Early neurological deterioration was defined in the
European progressing stroke study (EPSS) definition as
any significant neurological deterioration from baseline
to 72 hours [10]:
A significant neurological deterioration was primarily
defined as a decrease in the SSS items score for consciousness, speech, gaze, arm, or leg by at least 2 points. Consciousness was given precedence over the other signs [10].
An alternative definition of significant neurological
change was an increase in the total NIHSS score by at
least 2 points.
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The EPSS defined a significant deterioration between 0
and 72 hours as a neurological progression, and significant deterioration or death within 72 hours as a progressing stroke.
Early deteriorating episode (EDE) was defined as a significant neurological worsening between two consecutive
assessments during the first 72 hours [10].
In this study, our definition of END is similar to that
of stroke progression used by EPSS, and EDE is defined
as a significant change between two consecutive assessments, in accordance with the EPSS.
New stroke was defined as a new onset of focal or neurologic deficits that could not be attributed to the presenting
lesion and were consistent with World Health Organization
definitions of stroke [37].
Contrast induced nephropathy (CIN) was defined as
an increase from the baseline serum creatinine concentration of at least 44 μmol/L (0.5 mg/dL) or ≥25% within
48 to 72 hours after exposure to contrast media [38].

Project context

This study is conducted within the stroke unit at St. Olav’s
Hospital, the University Hospital in Trondheim, Central
Norway. For stroke treatment it has a recruitment area of
230 000 inhabitants as a local hospital, serves another 100
000 for thrombolytic evaluation and -treatment, and serves
a total of 700 000 inhabitants in Mid-Norway for invasive
treatment, including thrombectomy. The comprehensive
stroke unit has a long tradition for combined acute treatment and early mobilization [39], and offers an early supported discharge service [40]. It is organized as a unit
within the Department of Internal Medicine. All patients
above 60 years of age with acute stroke symptoms are admitted to this stroke unit, as long as there is treatment capacity within the unit, while younger patients routinely are
admitted to the Department of Neurology.
On average, 325 patients per year have been discharged
from the stroke unit with a diagnosis of ischemic stroke
during the period. This number also includes patients
transferred from other departments after procedural
strokes, or after initial treatment in other wards in the
hospital.
All patients within the study receive medical treatment
and follow up according to current national guidelines and
local protocol. Both emphasise the importance of evaluating the patient’s physiological homeostasis and recommend
measures to restore it. In case of increasing symptoms, the
local protocol recommends an infusion of ½-1L Ringeracetate within 1–3 hours, while platelet inhibition with
both Aspirin and Clopidogrel may be considered after exclusion of a haemorrhage.
Inclusion into this study should not affect length of
stay or treatment decisions.
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Study design

The present study is a prospective observational study,
performed in a single stroke unit from May 17th 2010 to
December 31st 2013, comparing patients with early neurological deterioration to those with no such deterioration.
Study population

This study intended to include consecutive patients admitted to the stroke unit with acute stroke symptoms after exclusion of haemorrhage on initial native CT examination.
The pilot study included independent patients <85 years
of age, admitted within 8 hours after debut of stroke symptoms, without haemorrhage, stroke sequelae, previously
known terminal illness or other condition which might
confound follow-up, other final diagnosis than stroke, or
contraindications to intravenous contrast agents. In the
main study, patients admitted within 24 hours were included. After October 16th 2010, patients were no longer
excluded due to dependency, age, or contraindications to i.
v. contrast agents.
Thus, after the last revision the study intended to include all patients who were
 Admitted to the stroke unit with acute stroke

symptoms
 Admitted to the stroke unit within 24 hours after

ictus, and are
 Previously living in their own home

The exclusion criteria were
 Previously known preexisting condition which could

confound follow-up
 Consent could not be achieved
 Haemorrhage on native CT examination
 If a diagnosis other than acute ischemic stroke

provided at least as good an explanation to the
patient’s symptoms.
 No capacity to follow the patient according to the
study protocol.
Primary outcome

The effect of END according to the EPSS definition on
level of function and case fatality at 12 weeks, measured
by the modified Rankin Scale (mRS) compared to patients
without END.
Secondary outcomes

The effect on level of function and case fatality at 12 weeks,
measured by mRS, of EDE compared to the patients with a
stabile or improving course.
Prevalence, timing and severity of END and EDE according to both SSS and NIHSS based definitions.
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Clinical, hemodynamic, haemorheological, biochemical, metabolic and vascular factors associated with END.
Initial CT and subsequent CT/MR images will be examined in order to identify a relation between END and findings on imaging, and both ASPECTS and Pc-ASPECTS
scores will be used to quantify relevant findings.
The effect of END on level of function and case fatality
measured by mRS for patients fulfilling the criteria of
NIHSS based definitions of END.
An estimate for the minimal detectable change will be
calculated for both the NIHSS and SSS, based upon previously published data and the standard deviation found
in our study.
The effect in stroke patients of exposure to intravenous
contrast agents due to radiological procedures on renal
function.
Data collection
Background data

Age, gender, level of function, medical history, and
current medical treatment at admission are collected on
admission and supplemented from relevant sources
while the patients are hospitalized. Medical treatment at
24 hours and 7 days (or discharge, whichever is sooner)
is also recorded.
Neurological assessments

Severity of stroke is assessed according to NIHSS, SSS
and a locally adapted abbreviated SSS form, including
the items for consciousness, speech, eye, arm, hand and
leg motor score (Similar to the standardised nursing
observations for stroke (SNOBS), only extended with the
hand item), with simultaneous blood pressure and oxygen saturation measurements. Examinations according
to this latter form are performed at admission and every
6th hour until 48 hours, and at 60 and 72 hours. Additionally, the full SSS and NIHSS are scored at admission, after 24, 48 and 72 hours, at 7 days (or discharge, if
after 72 hours and before 7 days), and 1 and 3 months.
All relevant personnel responsible to perform these
scores were trained in scoring according to these scales
prior to the study.
A subtype classification of stroke is performed according to the Oxfordshire stroke project classification. The
information is based on the information available from
the score sheets, supplementary neurological examination
and relevant clinical information.
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Monitoring of homeostasis

A clinical status is performed at admission. Oxygen saturation, ECG, and heart rate is monitored continuously for
the first 24 hours. The blood pressure is also measured
hourly for the same period. Except ECG, these data are
also registered at the SNOBS scorings during the first 24
hours, and blood pressure is registered at every SNOBS
scoring the first 72 hours.
Temperature and glucose are measured every 6th hour
the first 48 hours, and at 60 and 72 hours.
Blood samples

During the first 72 hours, routine blood tests are taken
repeatedly (Table 1).
Imaging

A native CT examination of the brain is performed at admission in order to exclude haemorrhage. A control examination is performed (either CT or MRI) at 24–72 hours in
order to visualize the extent of ischemic damage.
When clinically relevant (e.g. patients eligible for iv.
Thrombolysis or i.a. thrombectomy or suspected carotid stenosis) and not contraindicated, a brain and neck
contrast-enhanced CT-angiography is performed on one
of these occasions. Otherwise, carotid ultrasonography is
performed.
Complications

Medical complications are noted if reported in the medical records.
Flowchart

Table 2 shows a flow chart of the examinations obtained
and when.
Supplementation of data

Missing data will be retrieved or estimated from medical
records or, for the neurological scorings, from other scoring sheets. Scorings may also be adjusted when there is an
obvious inconsistency between the scoring and other clinical information. In cases where data are missing and cannot otherwise be reliably estimated in a clinical (functional
or neurological) score sheet, no change is assumed to have
occurred, and the former value is continued. Thus, patients who are discharged before 72 hours will be scored
in accordance to their last assessment, unless the medical
records report worsening within 72 hours.
Power and sample size estimations

Functional level assessments

A pre-stroke mRS is estimated from available information,
and mRS is also scored at 24, 48 and 72 hours, at 7 days
and 1 and 3 months. Barthel ADL index is scored at 24
hours, 7 days, 1 and 3 months.

Our stroke registry data indicate that approximately 500
patients are treated for ischemic stroke and intracerebral
haemorrhage combined at our hospital per year. Approximately 10% of all acute stroke admissions are caused by
haemorrhagic stroke. 70% of acute stroke patients are
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Table 1 Blood samples taken during the first 72 hours
Admission Inclusion
(<4 h)

24
hours

48
hours

72
hours

Sodium

X

X

X

X

Potassium

X

X

X

X

Creatinine

X

X

X

X

X

X

X

Urate

X

Osmolality

X

Haemoglobin

X

X

X

X

Leucocyte
count

X

X

X

X

Platelet count

X

EVF

X

PT-INR

X

Fibrinogen

X

X

X

D-dimer

X

X

X

Troponin T

X

X

Total
cholesterol

X

HDL
cholesterol

X

LDL
cholesterol

X

Triglycerides

X

Glucose

X

X
X

X

HS-CRP

X

X

X

Lp(a)

X

Albumin

X

Time plan of the study

A pilot study was performed in 2009. Inclusion in the
main study was initiated on May 17th 2010, and the last
patient was included in December 2013. A total of 401 patients have been included into the main study, of which 39
patients are excluded. The material from another 6 patients from the pilot study was sufficiently complete to be
included into this study, leaving a material of 368 patients
eligible for analysis in this study. Follow up for the last patient was complete April 7th 2014, and the complete data
set is not open for analyses until June 30th 2014.
Consent and inclusion into the study

X

HbA1c
CRP

X

An ordinal logistic regression analysis will be performed in order to assess the effect of END on function
on the full range of the mRS.
Minimal detectable change will be estimated for both
END definitions, based on previously published data and
the standard deviation within this material.

X

X
X

treated primarily in the stroke unit. An observational study
on complications performed in our stroke unit, included
443 patients with ischemic stroke and 46 patients with
haemorrhagic stroke in 16 months, yielding an average of
332 patients per 12 months. Thus, at least 300 patients
were expected to be eligible for inclusion to the study per
year.
From previous studies, one in six patients was expected
to suffer a clinical deterioration according to current definitions. 80% power to detect a 15% increase in dependence at a significance level of 0.05 needed 600 patients.
Due to the considerations above, the study was planned
for inclusion of 600 patients over the course of 2 years.

Statistics

Relevant statistics will be used for descriptive data for the
population, and single- and multivariable analyses will be
applied in order to find factors related to END within our
material.

All patients are asked to participate on arrival and receive
written information about the study and possible consequences of participation. A written consent, or witnessed
informed oral consent, is obtained as soon as possible
after arrival. In cases when the patients are suspected not
to be able to give an informed consent, a proxy, typically
the next of kin is used, and delayed informed consent or
non-consent will be achieved from the patient in cases
when the patient is able to make such a decision at a later
time-point.
Ethics

The study and its pilot were approved by the Regional
Committee of Ethics in Medical Research (Central Norway)
(REK4.2010.492 and REK4.2008.2278).
Although monitoring itself is not harmful, the patients
may not be mobilized as early and to the extent they would
outside of this study. A limitation of early mobilization may
be harmful, although this has not been proven [41]. An informed consent was obtained from all participants according to the procedures reported above.

Discussion
This study aims to assess both the relation between END
according to different stroke scales and case fatality and
level of function after 3 months, and give a broad account
of association between END and potential associated
markers in a large material of unselected patients.
The primary aim in this study was to assess the relation
between END after AIS and the patient’s functional level at
3 months post stroke, including case fatality. This relation
has been found in previous studies, with various definitions
of END [7,8,10-12]. A study of the relation between END
and functional level and case fatality may still be relevant.
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Table 2 Examinations and follow up in the Trondheim END Study
Inclusion

24 h

48 h

72 h

+

+

+

+

+

+

Consent

+

Blood samples
Monitoring (24h; BP, ECG, O2,respiration)

1w

4w

12 w

Glucose

X4

X4

X2

X1

Temperature

X4

X4

X2

X1

ECG

+

+

+

+

SSS

+

+

+

+

+

+

+

NIHSS

+

+

+

+

+

+

+

CT

+

+

or +

CT-angiography

(+)

(+)

(+)

(+)

(+)

(+)

(+)
+

+

+

MRI
Carotid ultrasound
Modified Rankin Scale

Prestroke

+

SNOBS

+

+

(+)

+
+

+

+denotes when examinations etc. should be performed Xn denotes that it should be performed n times, (+) denotes that an examination should be performed,
unless another optional examination is performed with success.

Our comprehensive stroke unit is research driven, with
thorough documentation on its benefits, sustained up to
10 years after stroke, in regard to functional outcome and
survival compared to control [39,42,43], and also improved
functional outcome when combined with early supported
discharge [40,44]. Some of the benefit of the stroke unit
treatment may be due to a reduction of complications, including stroke progression and recurrent stroke, which
may be due to comprehensive implementation of various
measures to secure physiological homeostasis [36]. Data
from our stroke unit on complications during 2002–2003
in unselected stroke patients found END in 18.9% of the
patients, which is rather low in a patient material with intracerebral haemorrhage and AIS combined [37]. Thus,
there are reasons to believe that the incidence of END as
well as the effect of END on functional outcome and mortality may have been reduced due to improvements in
treatment.
This study is based upon our day-to-day-treatment and
follow-up in the stroke unit. Thus, any relevant findings
from this study may be clinically applicable. Further, unlike most studies in this area, this study applies repeated
neurological scorings, ideally every 6th hour the first 48
hours, and every 12th until 72 hours, which may allow
measures to be taken sufficiently early for these to be efficient. This study may also quantify at which level deterioration can reliably be detected, without causing the
excessive work-up expected by others [4].
Some of the choices made in the design and conduction
of the study constitute limitations, and the choices may
need to be justified.

Mechanisms that have been used to explain END include
collateral failure, clot progression, reocclusion (after initial
reperfusion), recurrent stroke, cerebral oedema, haemorrhagic transformation and seizures [14], hemodynamic factors, excitotoxicity and inflammatory mechanisms [35].
These mechanisms may not exclude each other, but could
be seen as supplementary, and may be in play in various
degrees in different patients. The penumbra may increase
in response to systemic hypotension, intracranial hypertension, vasogenic oedema or hyperglycemia [45], hypoxia or
hypercapnia [28] and (re-)occlusion. The positive correlation between risk of END and degree of carotid stenosis [18] may be seen as a marker for susceptibility for
hypotension, and thus END, as also reduced cerebral
hemodynamic reserve [15]. Hyper- and hypoglycaemia
[46] and fever [47] affect the metabolism in the tissue in a
way that may threaten the hypoperfused tissue. However,
not all mechanisms proven to be relevant after a stroke
are limited to the penumbra [33]. We have established an
examination programme in order to find factors and
mechanisms related to END, with special emphasis on
physiological homeostasis and hemodynamic factors. Further, seizures are noted when observed in clinical practice,
new stroke may be detected by clinical observation or imaging, and cerebral oedema and haemorrhagic transformation should be detected by imaging. Some blood tests
and CSF tests which have been associated with END have
been left out of the program due to cost and infeasibility.
Thus the exitotoxicity factors and some of the immunological factors cannot be explored within our study. However, in addition to markers present on admission, we
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believe that our protocol allows us to identify transient
risk factors for deterioration to a greater extent than previous studies, as our scorings give an opportunity to identify
when changes in neurological function occur, and the large
battery of tests within our protocol may help identify
causes for the deteriorations that occur.
The choice of definition of END, in studies as well as in
repeated clinical evaluation, deserves a thorough discussion.
In dealing with END definitions, as in other approaches to
define meaningful clinical change, both an anchor-based
approach and a distribution based approach should be applied [48]. Obviously, the first concern is that the change
found is clinically important (minimal important change).
One acceptable approach is anchoring the definitions in
endpoints, which has been done with various SSS-based,
NIHSS-based and CNS-based definitions, which have been
found to be related to a poor outcome [7,8,10-12].
In the EPSS validation, the relation between functional
level and inclusion or exclusion of different items, and also
the CNS definition, was found to be in favour of the EPSS
definition, and was again validated when tested against
two other definitions [10,12]. To our knowledge, no such
comparison exists between the NIHSS and the SSS.
As the EPSS definition was established when the study
was planned, and there was no agreement on NIHSS
definition [4,11,35], this study was planned with the
EPSS definition as main definition of END, which is well
anchored in clinical endpoints.
Although the distribution based approach to clinical important change has been much neglected within this area,
it has its strengths in taking the error of the measurements in account, which is well expressed in the concept
of minimal detectable change (MDC) [48]. This may be
calculated from previously published data, supplemented
with our data in the case of SSS, but in the case of the
EPSS definition, an MDC for the full scale or relevant
items may have limited value.
Initially, the study protocol included a contrast enhanced CT-angiographic examinations of all patients on
admission and repeated at a routine control examination
after 36–72 hours, in addition to be repeated in case of
progression, in order to detect a possible association between thrombus progression and END. Introduction of
perfusion examination at some or all these examinations
was suggested. All such contrast-enhanced examinations
may lead to increased risk of contrast induced nephropathy (CIN), in addition to risk associated with increased
radiation. The most commonly used definition of CIN is
an increase from the baseline serum creatinine concentration of at least 0.5 mg/dL or at least 25% within 48 to
72 hours after exposure to contrast media, and has been
reported in 2% of patients in general population, increasing to as much as 50% of patients with multiple risk factors, and depends on the volume of contrast given [38].
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Patients with previously known creatinine > 130 μmol/L
(>1,5 mg/dL), age >85 years of age, or known adverse reactions to contrast agents would not be examined routinely
with CT-angiography (and subsequently CT-perfusion if
admitted within 8 hours), as the risk was considered
greater than a possible benefit. Thus, they initially were not
included into the study. After an early revision, these patients were examined with carotid ultrasound. After a
change in the clinical protocol, only patients eligible for
thrombectomy would be examined with a CT-angiography
for an acute assessment, and other patients only on clinical
indication. CT-perfusion was abandoned due to time loss.
This fact does not change the fact that patients have been
exposed to risk of CIN. This may be justified by findings
relevant for clinical treatment. As creatinine has been repeatedly taken, this allows an estimation of this risk in patients selected according to these criteria, and thus, an
estimation of the risk of CIN in patients exposed, can be
quantified.
Despite changes in inclusion criteria, far less than the
expected 300 patients per year were included. Due to
limited capacity in the stroke unit, some patients were
not primarily admitted, and were thus not eligible for
the study. Of the patients admitted to the stroke unit, an
important proportion was not included into the study.
Possible causes may be uncertainty about the diagnosis,
and that medical treatment and care had to be given priority over inclusion in this study. Selection bias can be
suspected. Patients receiving thrombolytic therapy are
always admitted to the stroke unit, and are followed according to the study protocol, and may thus be more
prone to be included into the study. Patients with more
subtle stroke symptoms may less likely be included, as
mild stroke symptoms may be overlooked and symptoms
from posterior circulation may be less specific for stroke,
and thus believed to not be caused by other. These changes
may give inadequate estimates of incidence of the stroke
types and severity of stroke, and thus may give inadequate
estimates for incidence of progression and prognosis after
stroke. As some information concerning stroke severity exists in our stroke registry, the effect of a possible selection
bias may be discussed.
Despite these limitations, we believe that this study will
contribute to knowledge within this area.
Abbreviations
AIS: Acute ischemic stroke; BP: Blood pressure; CDM: Clinical-diffusion
mismatch; CIN: Contrast induced nephropathy; CNS: Canadian neurological
stroke scale; CSF: Cerebrospinal fluid; CT: X-ray computed tomography;
EDE: Early deteriorating episode; END: Early neurological deterioration;
EPSS: European progressing stroke study; EVF: Erythrocyte volume fraction;
HDL: High density lipoprotein; HbA1c: Glycated haemoglobin; HS-CRP: High
sensitivity C-reactive protein; ICA: Internal carotid artery; LDL: Low density
lipoprotein; LP(a): Lipoprotein(a); MCA: Middle cerebral artery; MRI: Magnetic
resonance imaging; mRS: modified Rankin scale.; NIHSS: National Institute of
Health stroke scale; PT-INR: Prothrombin time derived international

Helleberg et al. BMC Neurology 2014, 14:201
http://www.biomedcentral.com/1471-2377/14/201

normalised ratio.; SNOBS: Standardised nursing observations for stroke;
SSS: Scandinavian stroke scale.
Competing interests
None of the sponsors play any part in the design, conduct, analysis or
writing of the manuscript or material, or may have any commercial interest
in this or subsequent publications.
Authors’ contributions
BI was responsible for initiation and original research design and
implementation of the study, and has led the work of the research group.
BHH is the primary author of the manuscript, and has substantially
contributed to the conception of the study, research design, implementation
of the study protocol and data collection. HE and GR have substantially
contributed to adjustments in the study protocol and research design of this
study. All authors have critical revised the manuscript, and have finally
approved the manuscript and are responsible for its content.
Acknowledgements
Thanks to associate professor PhD Torunn Askim for introducing the concept
of minimal detectable change, and associate professor PhD Turid Follestad
and associate professor PhD Øyvind Salvesen for their help in this and other
statistical matters. Important contributions have also been made by associate
professor PhD Kjell Arne Kvistad concerning radiology. Much of the aroundthe-clock-management of the study was managed by the personnel within
the ward, especially the nurses, and the initial training of nurses, preparation
work, flowcharts and practical solutions of stroke nurse Eirik Naalsund have
been essential to warrant adherence to the study protocol, while this important
work has subsequently been performed by stroke nurses Sølvi Aasvold and
Turid Altin.
BHH has received grants from Extrastiftelsen Helse og Rehabilitering (the
Health and Rehabilitation foundation) is a governmental foundation
supporting to health related projects, including research, and has awarded a
grant covering the majority of the expenses in this project, via the
Norwegian Association of Disabled (branch for stroke affected) Supplemental
funding was provided by the Joint Committee for Norwegian University for
Science and Technology (NTNU) and the Central Norway Regional Health
Authority, an internal grant from St. Olavs Hospital (the Unimed foundation).
There were no other sources for funding.
Received: 25 August 2014 Accepted: 1 October 2014

References
1. Gautier JC: Stroke-in-progression. Stroke 1985, 16(4):729–733.
2. Millikan CH, Siekert RG: Studies in cerebrovascular disease. I. The
syndrome of intermittent insufficiency of the basilar arterial system.
Proc Staff Meet Mayo Clin 1955, 30(4):61–68.
3. Millikan CH, Siekert RG: Studies in cerebrovascular disease. IV. The
syndrome of intermittent insufficiency of the carotid arterial system.
Proc Staff Meet Mayo Clin 1955, 30(9):186–191.
4. Siegler JE, Martin-Schild S: Early Neurological Deterioration (END) after
stroke: the END depends on the definition. Int J Stroke 2011, 6(3):211–212.
5. Jones HJ, Millikan CH: Temporal profile (clinical course) of acute carotid
system cerebral infarction. Stroke 1976, 7(1):64–71.
6. Jorgensen HS, Nakayama H, Raaschou HO, Vive-Larsen J, Stoier M, Olsen TS:
Outcome and time course of recovery in stroke. Part I: Outcome. The
Copenhagen Stroke Study. Arch Phys Med Rehabil 1995, 76(5):399–405.
7. Dàvalos A, Cendra E, Teruel J, Martinez M, Genis D: Deteriorating ischemic
stroke: risk factors and prognosis. Neurology 1990, 40:1865–1869.
8. Dávalos A, Toni D, Iweins FL, Lesaffre E, Bastianello S, Castillo J: Neurological
deterioiation in acute ischemic stroke: potential predictors and
associated factors in the European Cooperative Acute Stroke Study
(ECASS) I. Stroke 1999, 30:2631–2636.
9. Britton M, Roden A: Progression of stroke after arrival at hospital.
Stroke 1985, 16(4):629–632.
10. Birchel P, Ellul J, Barer D, European Progressing Stroke Study Group:
Progressing stroke: towards an internationally agreed definition.
Cerebrovasc Dis 2004, 17:242–252.

Page 8 of 9

11. Weimar C, Mieck T, Buchthal J, Ehrenfeld CE, Schmid E, Diener HC, German
Stroke Study C: Neurologic worsening during the acute phase of
ischemic stroke. Arch Neurol 2005, 62(3):393–397.
12. Barber M, Stott DJ, Langhorne P: An internationally agreed definition of
progressing stroke. Cerebrovasc Dis 2004, 18(3):255–256.
13. Irino T, Watanabe M, Nishide M, Gotoh M, Tsuchiya T: Angiographical
analysis of acute cerebral infarction followed by “cascade”-like
deterioration of minor neurological deficits. What is progressing stroke?
Stroke 1983, 14(3):363–368.
14. Thanvi B, Treadwell S, Robinson T: Early neurological deterioration in
acute ischaemic stroke: predictors, mechanisms and management.
Postgrad Med J 2008, 84(994):412–417.
15. Alvarez FJ, Segura T, Castellanos M, Leira R, Blanco M, Castillo J, Davalos A,
Serena J: Cerebral hemodynamic reserve and early neurologic
deterioration in acute ischemic stroke. J Cereb Blood Flow Metab 2004,
24(11):1267–1271.
16. Baizabal-Carvallo JF, Alonso-Juarez M, Samson Y: Clinical Deterioration
following Middle Cerebral Artery Hemodynamic Changes after Intravenous
Thrombolysis for Acute Ischemic Stroke. J Stroke Cerebrovasc Dis 2013,
23(2):254–258.
17. DeGraba TJ, Hallenbeck JM, Pettigrew KD, Dutka AJ, Kelly BJ: Progression in
acute stroke: value of the initial NIH stroke scale score on patient
stratification in future trials. Stroke 1999, 30(6):1208–1212.
18. Cuadrado-Godia E, Jimena S, Ois A, Rodriguez-Campello A, Giralt-Steinhauer
E, Soriano-Tarraga C, Jimenez-Conde J, Martinez-Rodriguez JE, Capellades J,
Roquer J: Factors associated with early outcome in patients with largevessel carotid strokes. J Neurol Neurosurg Psychiatry 2013, 84(3):305–309.
19. Davalos A, Castillo J, Marrugat J, Fernandez-Real JM, Armengou A, Cacabelos
P, Rama R: Body iron stores and early neurologic deterioration in acute
cerebral infarction. Neurology 2000, 54(8):1568–1574.
20. Castillo J, Davalos A, Naveiro J, Noya M: Neuroexcitatory amino acids and
their relation to infarct size and neurological deficit in ischemic stroke.
Stroke 1996, 27(6):1060–1065.
21. Vila N, Castillo J, Davalos A, Chamorro A: Proinflammatory cytokines and
early neurological worsening in ischemic stroke. Stroke 2000,
31(10):2325–2329.
22. Castillo J, Davalos A, Noya M: Progression of ischaemic stroke and
excitotoxic aminoacids. Lancet 1997, 349(9045):79–83.
23. Castillo J, Rama R, Davalos A: Nitric oxide-related brain damage in acute
ischemic stroke. Stroke 2000, 31(4):852–857.
24. Barber M, Langhorne P, Rumley A, Lowe GD, Stott DJ: Hemostatic function
and progressing ischemic stroke: D-dimer predicts early clinical progression.
Stroke 2004, 35(6):1421–1425.
25. Barber M, Wright F, Stott DJ, Langhorne P: Predictors of early neurological
deterioration after ischaemic stroke: a case–control study. Gerontology
2004, 50(2):102–109.
26. Vila N, Castillo J, Davalos A, Esteve A, Planas AM, Chamorro A: Levels of
anti-inflammatory cytokines and neurological worsening in acute ischemic
stroke. Stroke 2003, 34(3):671–675.
27. Choi KH, Park MS, Kim JT, Chang J, Nam TS, Choi SM, Lee SH, Kim BC, Kim
MK, Cho KH: Serum triglyceride level is an important predictor of early
prognosis in patients with acute ischemic stroke. J Neurol Sci 2012,
319(1–2):111–116.
28. Alexandrov AV, Sharma VK, Lao AY, Tsivgoulis G, Malkoff MD, Alexandrov
AW: Reversed Robin Hood syndrome in acute ischemic stroke patients.
Stroke 2007, 38(11):3045–3048.
29. Steinke W: Lacunar stroke is the major cause of progressive motor
deficits. Stroke 2002, 33(6):1510–1516.
30. Tei H, Uchiyama S, Ohara K, Kobayashi M, Uchiyama Y, Fukuzawa M:
Deteriorating ischemic stroke in 4 clinical categories classified by the
oxfordshire community project. Stroke 2000, 31:2039–2044.
31. Alexandrov AV, Grotta JC: Arterial reocclusion in stroke patients treated
with intravenous tissue plasminogen activator. Neurology 2002,
59(6):862–867.
32. Bang OY, Kim GM, Chung CS, Kim SJ, Kim KH, Jeon P, Saver JL, Liebeskind
DS, Lee KH: Differential pathophysiological mechanisms of stroke
evolution between new lesions and lesion growth: perfusion-weighted
imaging study. Cerebrovasc Dis 2010, 29(4):328–335.
33. Caplan LR, Hennerici M: Impaired clearance of emboli (washout) is an
important link between hypoperfusion, embolism, and ischemic stroke.
Arch Neurol 1998, 55(11):1475–1482.

Helleberg et al. BMC Neurology 2014, 14:201
http://www.biomedcentral.com/1471-2377/14/201

Page 9 of 9

34. Backhaus R, Boy S, Fuchs K, Ulrich B, Schuierer G, Schlachetzki F: Hyperperfusion
syndrome after MCA embolectomy - a rare complication? Am J Case
Rep 2013, 14:513–517.
35. Serena J, Rodriguez-Yanez M, Castellanos M: Deterioration in acute
ischemic stroke as the target for neuroprotection. Cerebrovasc Dis 2006,
21 Suppl 2:80–88.
36. Govan L, Langhorne P, Weir CJ: Does the prevention of complications
explain the survival benefit of organized inpatient (stroke unit) care? Further analysis of a systematic review. Stroke 2007, 38(9):2536–2540.
37. Indredavik B, Rohweder G, Naalsund E, Lydersen S: Medical complications
in a comprehensive stroke unit and an early supported discharge
service. Stroke 2008, 39(2):414–420.
38. Goldfarb S, McCullough PA, McDermott J, Gay SB: Contrast-induced acute
kidney injury: specialty-specific protocols for interventional radiology,
diagnostic computed tomography radiology, and interventional cardiology.
Mayo Clin Proc 2009, 84(2):170–179.
39. Indredavik B, Bakke F, Solberg R, Rokseth R, Haaheim LL, Holme I: Benefit of
a stroke unit: a randomized controlled trial. Stroke 1991, 22(8):1026–1031.
40. Fjaertoft H, Indredavik B, Lydersen S: Stroke unit care combined with early
supported discharge: long-term follow-up of a randomized controlled
trial. Stroke 2003, 34(11):2687–2691.
41. Sundseth A, Thommessen B, Ronning OM: Outcome after mobilization
within 24 hours of acute stroke: a randomized controlled trial.
Stroke 2012, 43(9):2389–2394.
42. Indredavik B, Slordahl SA, Bakke F, Rokseth R, Haheim LL: Stroke unit
treatment. Long-term effects. Stroke 1997, 28(10):1861–1866.
43. Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim LL: Stroke unit
treatment. 10-year follow-up. Stroke 1999, 30(8):1524–1527.
44. Fjaertoft H, Rohweder G, Indredavik B: Stroke unit care combined with
early supported discharge improves 5-year outcome: a randomized
controlled trial. Stroke 2011, 42(6):1707–1711.
45. Moustafa RR, Baron JC: Clinical review: Imaging in ischaemic stroke–
implications for acute management. Crit Care 2007, 11(5):227.
46. Robbins NM, Swanson RA: Opposing effects of glucose on stroke and
reperfusion injury: acidosis, oxidative stress, and energy metabolism.
Stroke 2014, 45(6):1881–1886.
47. Kammersgaard LP, Jorgensen HS, Rungby JA, Reith J, Nakayama H, Weber
UJ, Houth J, Olsen TS: Admission body temperature predicts long-term
mortality after acute stroke: the Copenhagen Stroke Study. Stroke 2002,
33(7):1759–1762.
48. Crosby RD, Kolotkin RL, Williams GR: Defining clinically meaningful change
in health-related quality of life. J Clin Epidemiol 2003, 56(5):395–407.
doi:10.1186/s12883-014-0201-4
Cite this article as: Helleberg et al.: Mechanisms, predictors and clinical
impact of early neurological deterioration: the protocol of the
Trondheim early neurological deterioration study. BMC Neurology
2014 14:201.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

