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modified Rankin scale at 90 days for END and TD compared 
with stable patients. Results:  368 patients were included. 
13.9% had END and 28.3% had TD. Both deterioration groups 
were associated with worse outcome at 12 weeks compared 
with stable patients, with ORs of 35.1 (95% CI 8.8–140) for 
death/dependency and 5.8 (95% CI 1.8–19.4) for death in 
END patients and ORs of 2.3 (95% CI 1.1–4.8) for death/ 
dependency and 1.9 (95% CI 0.5–6.3) for death in patients 
with TD. LOS increased by 6.4 days for END (p < 0.001) and 
1.1 days for TD (p = 0.014) compared with stable patients. 
Conclusion: We found a strong association between END 
and worse outcome, and even TD doubled the OR for death/
dependency compared to stable patients. Early deteriora-
tion episodes identified through frequent observations are 
therefore clinically significant and such frequent observa-
tions may detect worsening sufficiently close to occurrence 
for potentially effective treatment to be applied.

© 2016 S. Karger AG, Basel

Introduction

Early neurological deterioration (END) after stroke, a 
worsening within the first days from admission [1], has 
been associated with reduced neurological function, in-
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Abstract

Background and Purpose: Early neurological deterioration 
(END) occurs in 10–40% of acute ischemic stroke (AIS) pa-
tients and has been associated with worse outcome. Recent 
improvements in treatment may have reduced the preva-
lence of END. A single early control or repeated observations 
have been applied to detect END close to occurrence, in or-
der to improve the poor outcome associated with END, as 
clinical interventions may still be effective. Deterioration de-
tected through repeated observations may be transitory or 
lead to END. Our aim was to study outcome after END and 
transitory deterioration (TD). Methods: In acute ischemic 
stroke patients, key Scandinavian Stroke Scale (SSS) items 
were scored 12 times from admission to 72 h. END was de-
fined as ≥2 point decrease in any key SSS item from admis-
sion to 72 h. Early deterioration episode  was defined as sim-
ilar worsening between two consecutive assessments within 
72 h, and TD as early deterioration episode in patients with-
out END. Main outcome measures were odds ratios (OR) for 
worse functional outcome (including death) measured by 
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creased case fatality, worse functional outcome and in-
creased length of stay in hospital [2–6]. While END oc-
curred in 23–43% of stroke patients according to studies 
conducted previously [2, 4, 6, 7], some recent studies 
found that END occurred in 8–18% [3, 8]. END is less 
frequent in comprehensive stroke units [9], suggesting 
that some ENDs may be prevented. Whether stroke unit 
treatment or other treatment options have improved the 
prognosis in patients with END is not known. Two ap-
proaches for the detection of deterioration have been ap-
plied in order to intervene on possibly modifiable factors 
in time for treatment to be effective. END identification 
at 24 h after admission has been suggested [10], as END 
traditionally has been defined as a state of worsening 
from admission to a second observation 1–5 days after 
admission [1–3, 5–8, 11]. Others have applied repeated 
observations, which may allow the detection of signifi-
cant deterioration closer to occurrence, as well as beyond, 
for example, 24 h [2, 4, 12]. The European Progressing 
Stroke Study (EPSS) introduced early deteriorating epi-
sode (EDE) for any significant worsening occurring be-
tween 2 consecutive assessments, irrespective of leading 
to transitory deterioration (TD) or sustained deteriora-
tion detected at 72 h after admission (END). The clinical 
relevance of EDE has not been evaluated apart from END 
[2].

The primary aim of this study was to assess the asso-
ciation between EDE after acute ischemic stroke (AIS) 
and the functional level at 90 days post stroke, including 
death. Patients with TD were analysed separately from 
those with sustained deterioration at 72  h (END). The 
prevalence of END and TD, the association between END 
and TD and length of stay in hospital, and the timing of 
END, were also explored.

Subjects and Methods

The current study was a single-centre prospective observation-
al study performed in a comprehensive stroke unit. Patients with 
AIS were screened for inclusion in 2009 (a pilot study) and from 
May 17, 2010 to December 31, 2013. Home-dwelling patients were 
eligible for inclusion if they were admitted within 24 h from stroke 
onset to the stroke unit at St. Olav’s University Hospital in Trond-
heim, Central Norway. The main exclusion criteria were as fol-
lows: (1) haemorrhage on native CT examination; (2) probable 
stroke mimics; (3) previously known condition would severely 
confound follow-up (e.g. terminal cancer); (4) informed consent 
could not be achieved; or (5) insufficient capacity in the stroke unit 
to follow the patients according to the study protocol. All patients 
were treated in accordance with the current national guidelines 
and the local protocol by a well-trained stroke team. Our stroke 

unit treatment has shown favourable results in randomised trials, 
and emphasises early mobilisation, evaluation and re-establishing 
of homeostasis based upon relevant examinations and observa-
tions, and other measures to prevent stroke related complications 
[13–15]. In this study, continuous monitoring of oxygen satura-
tion, respiration rate, heart rate and blood pressure were per-
formed. Infusion of saline solution and reassessment of homeosta-
sis were recommended if neurological deterioration occurred, 
while supplemental aspirin or clopidogrel were considered if 
haemorrhagic transformation was excluded.

The study was embedded into a larger protocol, which was ap-
proved by the regional Ethics Committee (REK 2010-492). Other 
central aims in the protocol were to identify predictors and pos-
sible mechanisms associated with neurological deterioration after 
acute ischemic stroke, and also to compare the END definition 
used in the current study with a 2 point worsening in National In-
stitute of Health Stroke Scale (NIHSS). The detailed protocol has 
been published elsewhere [16].

Data Collection
The study design was based upon the current practice in the SU, 

combined with extended diagnostic protocol and follow-up. Infor-
mation of background data, imaging, blood samples, blood pres-
sure, oxygen saturation, ECG and heart rate monitoring, clinical 
evaluation including assessments of neurological deficits and as-
sessments of functional level were prospectively obtained.

Within our SU, the nurses routinely score the neurological def-
icit of all stroke patients on admission to the SU; 3 times the first 
12 h; every 6th hour until 48 h; and at approximately 60 and 72 h, 
using the Scandinavian Stroke Scale (SSS) items for consciousness, 
gaze, arm, hand and leg motor, and speech (table 1). In the current 
study, the neurological function of all patients was also assessed 
according to the full SSS and NIHSS on admission, 24, 48 and 72 h, 
and 7, 30 and 90 days. Functional level according to modified 
Rankin Scale (mRS) was estimated pre-stroke and assessed at 
24 and 72 h, and 7, 30 and 90 days. Medical treatment and medical 
and neurological complications were recorded. The duration of 
hospitalization and transferral to other hospitals were obtained. 
Missing data were supplemented retrospectively from all sources 
available. If no information was available, the last value was con-
tinued forward. In order to evaluate possible selection bias within 
the study, background characteristics and risk factors for acute 
ischemic stroke patients admitted to our hospital from April 1, 
2012 through 2013 were obtained from the Norwegian stroke reg-
istry.

Definitions
In accordance with the EPSS definition, END was defined as a 

significant neurological worsening at 72 h, compared with admis-
sion, and EDE as a significant neurological worsening between 2 
consecutive assessments within the first 72 h after admission. TD 
was defined as patients fulfilling the EDE criteria without fulfilling 
the END criteria. A significant neurological worsening was de-
fined as ≥2 points decrease in any SSS items for consciousness, 
gaze, arm and leg motor power, or 3 points for speech, without 
significant (≥2 points) improvement in consciousness (table 1) [2]. 
Stable patients were defined as those fulfilling the criteria for nei-
ther END nor EDE. For secondary analyses, a worsening by 2 
 NIHSS points at 72 h, compared to admission, was defined as 
ENDNIHSS [10].

D
ow

nl
oa

de
d 

by
: I

. D
A

U
R

IA
C

  -
 1

85
20

8
10

9.
21

5.
11

9.
19

6 
- 

2/
2/

20
17

 3
:3

6:
10

 P
M



  Helleberg/Ellekjaer/Indredavik  Cerebrovasc Dis 2016;42:378–386
DOI: 10.1159/000447130

380

In order to allow comparison with previous studies, alternative 
END definitions based on NIHSS or SSS items were used to express 
END prevalence in this study [2, 3, 8, 10].

Outcomes
Primary outcome was mRS score at 90 days. Death/dependen-

cy was defined as mRS 3–6, and death as mRS 6.
Neurological change from admission was assessed until 72 h by 

the sum of key SSS items used in the EPSS definition (SSSkey), 
which range from 0 (coma) to 32 (no deficit). Length of stay in 
hospital was analysed for patients who were alive at 7 days and not 
transferred to other hospitals.

The timing of worsening in END patients was evaluated as both 
the last and the first EDE.

Statistical Analyses
Estimated sample size in this trial was 600 patients, based upon 

15% difference for the death/dependency dichotomy, prevalence 
of END 20%, α = 0.05 and β = 0.20.

Binary logistic regression analyses were performed in order to 
examine the association between neurological deterioration (END 
and TD) and functional outcome for the following mRS dichoto-
mies: 0–1, 0–2, 0–3, and 0–4 vs. higher, and 0–5 vs. death. Further, 

secondary analyses were performed in order to evaluate the rela-
tion between functional outcome and ENDNIHSS and TD.

Linear regression analyses were performed in order to examine 
the association between neurological deterioration (END and TD) 
and LOS and neurological change from admission to 24 and 72 h.

In logistic regression analyses, risk factors found with a trend 
towards difference between the groups (p < 0.10) were entered into 
the model. These included the pre-specified risk factors age, gen-
der, pre-stroke mRS and initial stroke severity, in addition to oth-
er risk factors found to be significantly different between the 
groups. Backward stepwise selection was performed. For function-
al outcome, backward stepwise selection was performed at mRS 
0–2 vs. higher, and also explorative for the other dichotomies, to 
detect relevant confounders (none were found).

Pre-stroke function was divided into 3 categories (mRS 0–1, 2 
and 3–5), and initial stroke severity (SSS) into 5 categories based 
on previously published criteria [8].

To identify differences between groups, categorical data were 
analysed with Pearson chi-square test and Fisher’s exact test, and 
continuous or ordinal data were analysed with independent-sam-
ples Kruskal–Wallis test and Mann–Whitney U test. Transforma-
tion was performed when appropriate. If adequate transformation 
could not be found, bootstrapping was performed.

Results

Three hundred sixty eight patients were included in 
the study, 6 patients during the pilot study and 362 pa-
tients during the main study. Stringent inclusion criteria 
applied to 46 patients [16]. During the main study, ap-
proximately 1,150 patients were discharged from the SU 
with AIS. The main reasons for not including patients 
into the study were limited capacity, delayed admittance 
or transfer to the stroke unit beyond 24 h and question-
able stroke diagnosis.

The baseline characteristics for the 368 patients in-
cluded into the study and ischemic stroke patients treated 
in the study period are shown in table 2. Out of 368 pa-
tients, 202 were male patients (54.9%). The median age 
was 77, median NIHSS was 5, and median time from first 
symptoms to admission was 2 h (mean 4.0 h). The 
 Norwegian stroke registry data, which include all acute 
stroke patients in our hospital, indicate that the general 
AIS population had a significantly longer pre-hospital de-
lay, had milder strokes, were less likely to receive throm-
bolysis, and were 1.5 years older than those included into 
the study (table 2).

The prevalence of END and TD were 13.9% (51/368) 
and 28.3 (104/368), respectively. Patients with END and 
TD were older and had more severe strokes, compared 
with stable patients (table 2).

The 90-days case fatality was significantly higher in the 
2 deterioration groups compared to stable patients; 25.5% 

Table 1.  SSSkey items

Item/function Score Max item 
score

Consciousness 6
Fully conscious 6
Somnolent, can be awaked to full 

consciousness 4
Reacts to verbal command, but is not 

fully conscious 2
No response to verbal command, is 

not fully conscious 0
Eye movement 4

No gaze palsy 4
Gaze palsy present 2
Conjugate eye deviation 0

Arm, motor power 6
Raises arm with normal strength 6
Raises arm with reduced strength 5
Raises arm with flexion in elbow 4
Can move, but not against gravity 2
Paralysis 0

Leg, motor power 6
Normal strength 6
Raises straight leg with reduced strength 5
Raises leg with flexion of knee 4
Can move, but not against gravity 2
Paralysis 0

Speech 10
No aphasia 10
Limited vocabulary or incoherent speech 6
More than yes/no, but not longer sentences 3
Only yes/no or less 0

SSSkey items 32
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(13/51) in patients with END and 9.6% (10/104) in pa-
tients with TD, vs. 2.8% (6/213) in stable patients (ta-
ble  3). The proportion dead/dependent at 90 days was 
significantly higher in both deterioration groups com-
pared to stable patients; 94.1% (48/51) in END patients 
and 65.4% (68/104) in patients with TD vs. 30.0% (64/213) 
in those with a stable course (table 3). One patient died 
before 72 h, and fulfilled the EDE criteria prior to death.

The END prevalence according to various definitions 
varied from 3.8 to 14.4% (table 4).

In analyses adjusted for age, initial stroke severity, 
pre-stroke mRS, sex and diabetes, both TD and END 
were associated with worse outcomes, compared with 
stable patients. END was strongly associated with worse 
outcomes at 90 days for all dichotomies (table 5), with 
adjusted OR of 35.1 (95% CI 8.8–140) for death/depen-

Table 2.  Baseline characteristics of patients by clinical course group

Total (n = 368) END (n = 51) TD (n = 104) Stable (n = 213) p value Stroke registry* 
(n = 605)

Age, mean/median (IQR) 76.5/77 (69–84) 79.7/81 (75–86) 78.9/80 (73–85) 74.6/74 (67–82) <0.001 78.0/78 (71–85)
Men, % 54.9 49.0 45.1 61.0 0.02 52.4
Prestroke mRS, median (IQR) 1 (1–2) 2 (1–2) 2 (1–3) 1 (1–2) <0.001 1 (1–2)
Stroke severity

NIHSS, mean/median (IQR) 7.7/5 (3–10) 12.4/10 (8–19) 11.4/9 (5–16) 4.8/4 (2–6) <0.001 6.3/3 (1–8)
SSS, mean/median (IQR) 38.5/42 (31–49) 28.1/29 (15–38) 30.7/34 (18–42) 44.8/46 (40–51) <0.001

Risk factors, %
Previous stroke 24.5 27.5 33.7 19.2 0.02 25.5
Previous TIA 12.5 11.8 10.6 13.6 0.7 14.2
Myocardial infarction 18.5 23.5 20.2 16.4 0.4 18.2
Hypercholesterolemia 30.1 33.3 23.1 32.9 0.18 54.7†
Atrial fibrillation 30.7 47.1 35.6 24.4 0.003 28.9
Hypertension 54.9 33.3 63.5 55.9 0.002 57.9
Diabetes mellitus 14.7 17.6 7.7 17.4 0.059 17.7
Smoking 18.5 21.6 17.3 18.3 0.8 17.5

Treatment
Fibrinolysis, % 26.9 29.4 27.9 25.8 0.8 12.1
Time to admission, h, 

mean/median (IQR) 4.0/2.0 (1.1/5.0) 3.0/2.0 (0.9–2.8) 4.0/2.1 (1.1–5.8) 4.3/2.0 (1.2–5.0) 0.14 10.6/3 (2–12)

 Continuous and ordinal data are reported as mean/median. Figures in parenthesis indicate the interquartile range (IQR, 25th–75th 
percentile). TD = Early deteriorating episode in patients without END. * Stroke registry data: Ischemic stroke patients admitted to the hospital in 2012 and 2013.† Hypercholesterolemia was defined as hypercholesterolemia or statin treatment in stroke registry data, while this was defined as el-
evated (pre-treatment) cholesterol values in the current study.

p values indicate difference between the groups.

Table 3.  Length of stay in hospital, case fatality and death/dependency at 90 days

Total (n = 368) END (n = 51) TD (n = 104) Stable (n = 213)

Hospitalisation, days, mean/median (IQR) 8.0/6 (4–10) 14.8/13 (9–18)* 9.4/8 (5–12)* 6.1/5 (3–7)
Case fatality, % 7.9 25.5* 9.6† 2.8
Dead/dependent, % 48.9 94.1* 65.4* 30.0

 TD: patients with early deteriorating episode without END. Hospitalisation: days (index admission) for patients alive and not trans-
ferred to other hospitals at 7 days. Figures in parenthesis indicate the interquartile range (IQR). Case fatality and dead/dependent: at 90 
days. 

p value compared to stable: * p < 0.001; † p = 0.014.
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dency and 5.8 (95% CI 1.8–19.4) for death, while TD was 
associated with worse outcome in terms of death/depen-
dency (table 5), with OR of 2.3 (95% CI 1.1–4.8), but not 
death (OR 1.9, 95% CI 0.5–6.3), compared with stable 
patients.

In post hoc analyses defining EDE as above and END 
as a 2 point worsening in NIHSS at 72 h (ENDNIHSS), 2 of 
30 patients with ENDNIHSS were not detected by repeated 
observations with SSSkey items. Both these patients were 
independent at 90 days. In analyses adjusted as above, 
both ENDNIHSS and TD were independently associated 
with worse outcome in terms of death/dependency, with 
OR 11.4 (95% CI 3.3–40.1) for ENDNIHSS and OR 3.4 
(95% CI 1.7–6.8) for TD when compared to stable pa-
tients (p < 0.001 for both), while only END was associated 
with worse outcome in terms of death, with OR 4.6 (95% 
CI 1.2–17.3) for ENDNIHSS and OR 2.3 (95% CI 0.7–7.3) 
for TD, compared to stable patients (p = 0.03 and p = 0.14, 
respectively).

Of the 294 EDEs registered, 42.9% (126/294) occurred 
in END patients, of which 65% (33/51) had ≥2 EDEs 
(mean 2.5), while 38.5% of TD patients had ≥2 EDEs.

Most of the deterioration in END cases occurred early 
(fig. 1). Of patients with END, 75% (38/51) had ≥1 EDE 

within hours after admission, while 78% (40/51) had ≥1 
EDE at the assessments >24 h after admission (fig.  1a). 
The  deterioration seen in END patients was contrasted 
with improvement in stable patients and TD patients, the 
latter with comparable initial severity as END patients 
(fig. 1b). The mean SSSkey score worsened from admission 
to 72 h by 4.8 (95% CI 3.0–6.7) points in END patients and 
improved by 4.4 (95% CI 3.3–5.7) and 1.7 (95% CI 1.4–2.2) 
points in TD and stable patients, respectively. Analyses ad-
justed for pre-stroke mRS, initial stroke severity, age, hy-
pertension and atrial fibrillation indicate an even greater 
difference between the neurological function in END com-
pared to stable patients, and also that most of this worsen-
ing occurred within 24 h, with a difference of 5.8 SSSkey 
points, 10.7 SSS points, and 5.2 NIHSS points at 24 h and 
9.3 SSSkey points, 15.9 SSS points and 7.3  NIHSS points at 
72 h (p < 0.001). TD patients did not differ significantly 
from stable patients at 72 h, although a trend towards re-
duced improvement in NIHSS and SSS was seen at 24 h 
(0.9 and 2.4 points, respectively, p = 0.12 and p = 0.011).

Length of stay increased in both deterioration groups 
(table 3). In analyses adjusted for age and stroke severity, 
length of stay in hospital increased by 6.4 days for END 
and 1.1 days for TD. In transformed analysis, length of 

Table 4.  Prevalence of END at 72 h according to alternative definitions

Definition Prevalence of END (n = 368), % (n)

ENDEPSS 13.9 (51)
EPSS 2p 12.0 (44)
EPSS + hand 3p 10.6 (39)
NIHSS 4p 3.8 (14)
NIHSS 2p 8.2 (30)
NIHSS 1p 14.4 (53)

 ENDEPSS: signifi cant neurological deterioration (≥2 points) in SSS items for consciousness, gaze, arm or leg 
motor, or speech, without improving consciousness. NIHSS/EPSS np: n points worsening in the sum of NIHSS 
or ENDEPSS items. EPSS + hand: SSS hand item included in the sum score [8].

Table 5.  ORs for worse outcome at 90 days in patients with END and TD, compared with stable patients

mRS 0–1 vs. higher mRS 0–2 vs. higher mRS 0–3 vs. higher mRS 0–4 vs. higher mRS 0–5 vs. death

TD 2.6 (1.1–5.8)* 2.3 (1.1–4.8)* 1.3 (0.6–2.8) 1.5 (0.5–4.2) 1.9 (0.5–6.3)
END 17.1 (2.1–140)† 35.1 (8.8–140)‡ 9.8 (4.1–23.5)‡ 5.4 (1.9–14.8)† 5.8 (1.8–19.4)*

 Analysis is adjusted for severity, age, gender, pre-stroke mRS, atrial fibrillation, hypertension, diabetes and 
previous stroke. * p < 0.05; † p < 0.01; ‡ p < 0.001.
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stay in hospital increased by 100% (p < 0.001) for END 
patients and by 22% (p = 0.014) for TD compared with 
stable patients.

Discussion

EDE occurred in 42% of the AIS patients admitted to 
our stroke unit. END occurred in 14% and TD in 28%. 
Both deterioration groups had worse outcomes than sta-
ble patients. In adjusted analyses, END patients had 34- 
and 5-fold increased odds for death/dependency and 
death, respectively. TD patients had twofold increased 
odds for death/dependency. Length of stay in hospital 
was doubled for END patients and increased by 22% for 
TD.

Prevalence and Prognosis
One of the aims of acute stroke treatment is to prevent 

END and improve the poor prognosis associated with 
END [4, 9]. The END prevalence varied from 4 to 14% 
with alternative END definitions. This should be taken 
into account when comparisons are made. We found a 
lower END prevalence than reported in other studies us-
ing the EPSS definition [2, 7]. For alternative definitions, 
we also found lower prevalence than in most similar 
studies [3, 17, 18], including a study performed in our 
stroke unit in 2002–2003 [8]. As our study included more 
severe strokes than in the general ischemic stroke popu-
lation and more severe strokes were associated with 

END, our study may overestimate the END prevalence. 
Thus, our study supports a decreasing trend for END 
prevalence.

The EPSS study, using daily assessments, found EDEs 
in 33% of patients, while TD was found in 7% of the pa-
tients [2]. Our finding of 28% with TD may mainly be 
explained by the more frequent observations.

Our study explored the association between EDE and 
outcome. Previous studies have reported the prognosis in 
END patients, while the association between TD and out-
come has not been studied. We defined EDE as significant 
worsening in SSSkey items from the previous assessment 
and TD as EDE in patients without END at 72 h. TD was 
associated with worse outcomes in terms of death/depen-
dency, compared to stable patients, regardless of END 
definition used. However, the OR for worse outcome de-
pended on the END definition used in each model, with 
OR 2.3 for our primary END definition and OR 3.5 for 
the NIHSS-based END definition. Our primary END def-
inition was more sensitive and classed more patients with 
EDE as END than the NIHSS-based definition. As pa-
tients with END according to our primary definition al-
most exclusively were dependent, the less-sensitive 
 NIHSS-based END definition classed more dependent 
patients as non-END and thus TD. This explains the 
higher ORs for poor outcome in TD cases in the model 
using the NIHSS-based definition. Thus, the supplemen-
tal benefit of our repeated observations to using only 
 NIHSS was even greater than with our primary defini-
tion, especially as these observations detected all patients 

  Fig. 1.  Timing of deterioration within the first 72 h after admission. 
 a  Proportion of patients with END who have had their first and 
last EDE.  b  Mean SSS key  score (sum of SSS items for consciousness, 

gaze, arm, leg and speech) in patients with END (lower), TD (mid-
dle) and a stable course (upper) from admission to 72 h (SSS key  
score: 0 = coma, 32 = no deficit). 
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with END according to NIHSS and poor outcome. For 
the END patients in our study, independency was rarely 
achieved, both in crude numbers and adjusted analysis. 
Four large studies published in 2004 used the same END 
definition as in our study. In unselected acute stroke pa-
tients, 2 of these studies found a better prognosis for END 
cases regarding death/dependency [2, 19], and EPSS and 
Barber et al. [7] reported a higher case fatality in END 
cases than in our study [2]. A case–control study found 
no increase in case fatality for END after AIS [20].

Thus, our study confirms the poor prognosis in END 
patients, while even TD patients had increased odds for 
death/dependency.

Timing of Deterioration
In accordance with previous studies, we found that 

the first EDE in patients with END predominantly oc-
curred within 24 h [2, 8], and even within 4 h for 39% of 
the END cases. However, our results indicate that the 
period beyond 24 h remains important; 37% of the neu-
rological loss within 72 h in END patients occurred after 
24 h, and no EDE occurred within 24 h in 25% of END 
patients. Thus, in order to detect deterioration with min-
imal delay and identify and administer potentially effec-
tive treatment before it is too late, repetitive observations 
may have a role in research and stroke care, as applied by 
others [4]. However, this is in contrast to the NINDS 
studies, where the correlation between outcome at 90 
days and NIHSS increased only insignificantly from 24 h 
to 7 days [21].

Possible Explanations for END and TD
Siegler et al. [22] proposed a classification of causes of 

neurological deterioration. New stroke and progressive 
stroke and cardiopulmonary arrest were characterised as 
irreversible. The potentially reversible aetiologies includ-
ed infectious, metabolic and hemodynamic causes, oede-
ma, sedation, fluctuations and seizures [22]. All these ae-
tiologies may be found in our END, as the deterioration 
occurred at all points between admission and 72 h. How-
ever, the possible main mechanisms for deterioration at 
play within the group with TD are limited by the charac-
teristics of the TD group. In adjusted analyses, the TD 
group had worse functional long-term outcome than sta-
ble patients, despite a similar improvement in neurologi-
cal function. The irreversible causes are not likely to ex-
plain TD. Due to the time course of oedema, neurological 
deterioration from this cause is unlikely to be reversible 
within 72 h [23]. Sedation and fluctuations have little po-
tential to worsen outcome. Other reversible causes which 

may be associated with worsened outcome are hemody-
namic and metabolic disturbances, which may be rooted 
in other important diseases (e.g. poorly regulated diabe-
tes mellitus, atrial fibrillation or heart failure), or may 
limit activity after discharge (e.g. due to orthostatic hypo-
tension). Infections are also associated with worse out-
come [24]. Additionally, delirium may cause TD. Neuro-
logical scoring may be affected by the fluctuating course 
of delirium, with decreased attention and changed con-
sciousness or disorganised thinking. Also, delirium is 
prevalent in stroke patients, is associated with worsened 
outcome [25], and its causes partially overlap those of TD 
[22, 26]. However, when facing deterioration in clinical 
practice, patients should be examined for potentially re-
versible causes, but also for irreversible causes when such 
may be relevant for treatment, for example, hemorrhagic 
transformation.

Strengths and Limitations
A major strength in our study is neurological assess-

ments repeated far more frequently than the daily as-
sessments recently advocated [12]. Other approaches 
with repetitive observations have previously been pub-
lished [2, 4, 27], but to our knowledge, no association 
between functional outcome and TD has previously 
been reported.

Frequent observations also allowed a more accurate 
estimate for the timing of END than approaches using 
daily observations. However, repetitive observations 
should be used with caution, as perfect interrater agree-
ment cannot be expected with any stroke scale [28–30], 
and even with excellent agreement a significant propor-
tion of false positives should be expected [31]. EDE did 
not lead to END for 2 out of 3 EDE patients. Thus, the 
potential for some EDEs due to misclassification or in-
terrater disagreement is not ignorable, although TD pa-
tients were found with a worse outcome than stable pa-
tients.

The power to detect relevant differences was reduced 
from the initial estimates, due to lower END prevalence 
combined with fewer patients in the study. In spite of 
this, we found strong associations between neurological 
deterioration and prognosis. Further, patients eligible 
for fibrinolysis were more prone to inclusion [16]. How-
ever, adjustments for fibrinolysis did not weaken our 
findings.

The mean pre-hospital delay was 4.0 h, which is longer 
than in some other studies with selected patients [3, 11]. 
Twenty-five percent of the patients had a delay >5 h. We 
found 11.4% of all patients with EDE at the 4 h assess-

D
ow

nl
oa

de
d 

by
: I

. D
A

U
R

IA
C

  -
 1

85
20

8
10

9.
21

5.
11

9.
19

6 
- 

2/
2/

20
17

 3
:3

6:
10

 P
M



 Outcomes after END and TD in Acute 
Ischemic Stroke Patients 

Cerebrovasc Dis 2016;42:378–386
DOI: 10.1159/000447130

385

ment. Thus, neurological deterioration may already have 
occurred before admission in a significant proportion of 
patients. This might introduce misclassification. As a 
consequence, our results are prone to underestimate, 
rather than overestimate, the association between dete-
rioration and worse outcome.

Compared to the stroke registry data, very mild strokes 
were underrepresented in our study, and END and TD 
may thus be less prevalent in an unselected stroke popula-
tion than in our study. However, the stroke severity in our 
study was similar to (or even milder) that in previous 
studies, whether in multicentre studies [2, 3] or unselect-
ed stroke studies [7, 8, 10].

Conclusion

Our study demonstrates that EDE is associated with 
worse clinical outcome of stroke patients, with OR of 34 
for END and 2.3 for TD for death/dependency. Com-
pared to previous studies, we found no indication of im-
proved prognosis in END patients, while the END preva-
lence was lower than that reported by others. Although 
most EDEs occurred early, we found that worsening also 
occurred beyond 24 h. Frequent observations up to 72 h 
may identify worsening close to occurrence in order that 
the clinician can act. Further research on treatment op-
tions is warranted.
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