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outcomes in ischaemic stroke patients
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Abstract
Objectives: Vascular compliance is emerging as a useful cardiovascular risk factor.
The aim of this study was to investigate the association between arterial stiffness
and stroke severity at presentation and at three weeks.

Methods: From an initial sample of 73 patients, 42 were included (55% male, mean
age 71 years) with acute ischaemic stroke, over a 15 month period. Stroke subtypes
were classified into LACI, PACI and POCI. Arterial stiffness was measured by QKD
using 24-hour ambulatory blood pressure and ECG monitoring. The measured QKD
values were then corrected for a heart rate of 60bpm and a systolic blood pressure
(SBP) of 100 mmHg (QKD100-60). Stroke severity was assessed on admission and after
3 weeks, using the National Institute of Health Stroke Scale (NIHSS).

Results: There was a non-significant weak correlation between initial stroke severity
and QKD100-60 (r= -0.3, p = 0.08). This correlation was weaker at 3 weeks (r= 0.125,
p=0.47). There was no difference in NIHSS at week 0 and 3, or QKD100-60, between
the different stroke types (LACI, PACI and POCI) or dipper versus non-dippers and
reverse dippers.

Conclusions: This study highlights the need for further research into the association
between QKD and initial stroke severity.
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Introduction
The concept of arterial compliance as a risk factor in incident ischaemic stroke has
been discussed in several studies 1–5. Most of the studies exploring the association of
arterial compliance with stroke have measured arterial stiffness using pulse wave
velocity (PWV) 5,6. However PWV measurements might be difficult to perform in the
context of an acute stroke. Indirect assessment of arterial compliance based on QKD
measurements can offer a less invasive alternative in providing a validated method
for assessing arterial stiffness 7. The use of the QKD interval (which is the time
interval between the appearance of the Q wave on the ECG and the disappearance
of the Kortokoff sound during diastole on blood pressure measurements) in acute
stroke is appealing as it is relatively easy to measure and does not require observer
input, and can be corrected for variation in BP and heart rate 7.

The Oxfordshire Community Stroke Project Classification (OCSP), which provides
prognostic information about stroke outcomes in the short and long term periods
10

8–

, is based on epidemiological observational studies and no pathophysiological

measurements were undertaken in its development. Saji et al report that arterial
stiffness measured by PWV is independently associated with progressive
neurological deficit after acute stroke 11. However, there are no studies assessing the
prognostic value of arterial stiffness measured by QKD and its relation to presenting
stroke symptoms and short term functional outcomes.

The aim of this study was therefore to explore the association between arterial
stiffness (measured by QKD) and the initial and 3-week stroke severity measured by
3

the National Institute of Health Stroke Scale (NIHSS) in a cohort of acute ischaemic
stroke patients. We hypothesised that increased arterial stiffness (shorter QKD
intervals) at baseline is associated with more severe strokes at baseline as well as
worse outcomes at 3 weeks.

Methods
Seventy three patients with an initial diagnosis of acute ischaemic stroke who were
admitted to the Royal Sussex County Hospital, Brighton, UK between 1st December
2006 and 31st March 2008 were included. Inclusion criteria were a confirmed World
Health Organisation (WHO) diagnosis of acute ischaemic stroke 12. Exclusion criteria
were intracerebral haemorrhage, inability to consent, terminal illness, a previous
stroke, previous direct current cardioversion, myocardial infarction or cardiac arrest
within the preceding 6 months, antiarrhythmic medications or symptom duration of
greater than 48 hours. All patients or their legal representative provided informed
written consent. Ethical approval for the study was obtained from East Sussex Local
Research and Ethics Committee (number 06/Q1905/70).

A thorough history and examination, in combination with a CT or MRI head scan, was
used to confirm the diagnosis of stroke. We used the Oxford Community Stroke
Project Classification (OCSP, Bamford Classification) to classify stroke subtypes into
four categories: total anterior circulation infarct (TACI), partial anterior circulation
infarct (PACI), posterior circulation infarct (POCI), and lacunar circulation infarct
(LACI) 9,13.
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Using ambulatory blood pressure measurements, patients were divided in to dippers
and non-dippers (dippers are individuals whose blood pressure drops by 10-20% at
night time compared to daytime, non-dippers are those whose blood pressure drops
by less than 10% at night time compared to daytime readings and reverse dippers
are those whose blood pressure rises at night time compared to daytime).14

Additional cardiovascular risk factors, including smoking and alcohol consumption,
were recorded. Twenty-four-hour ambulatory monitoring (Novocor, France) was
used to measure heart rate (HR), blood pressure (BP) and QKD interval. QKD interval
is an indirect measure of arterial stiffness based on the time interval between the
onset of the QRS complex on the ECG and detection of the last Korotkoff sound from
the blood pressure cuff. A longer QKD interval indicates more compliant arteries, as
harder (stiffer) arteries propagate the blood flow quicker in a shorter QKD interval.

BP, HR and QKD interval readings were taken every 30 minutes between 07:00 and
22:00 and every 60 minutes between 22:01 and 06:59 providing a total of 39
measurements. These measurements were used to derive mean QKD values, as well
as mean values for 24-hour Systolic Blood Pressure (SBP), Diastolic Blood Pressure
(DBP), Mean Arterial Pressure (MAP), and Pulse Pressure (PP). Mean patient QKD
was further corrected for a heart rate of 60bpm and a SBP of 100mmHg to obtain a
value of QKD100-60. These measurements were done at baseline only.

We measured stroke severity at baseline (on admission, day 0) and at week three
using the NIHSS scoring system.15 LACI (group 1) was compared with PACI and POCI
5

stroke subtypes (group 2). PACI and POCI (group 2) were grouped together because
they are larger strokes affecting more brain tissue. Patients with a TACI were
excluded as they either had low GCS, speech impairments, or were too unwell to
provide informed consent.

The stroke scale variables are described using medians and interquartile range (IQR).
Counts and proportions are given for categorical or ordinal variables. Baseline
characteristics (NIHSS, QKD100-60, SBP, DBP, pulse pressure, and MAP) measured in all
patients is presented in Table 1.

Pearson’s correlation coefficient was used to analyse the relationship between
NIHSS (at 0 and 3 weeks) and QKD100-60, SBP, DPP, PP, and MAP, and the dipping
profile was analysed too. T-Test was used to compare differences of NIHSS and
QKD100-60 between Group 1 (LACI) and Group 2 (PACI+POCI) stroke subtypes.

Results
From the initial sample of 73 patients, 42 patients were included in the final analysis
(2 withdrew, 3 had a subsequent haemorrhagic transformation, 9 had a diagnosis of
TIA, 2 were unable to complete formal assessment, and the remaining 15 did not
have full data available for QKD, BP and NIHSS measurements). The mean age for the
study sample was 71 (28-90) years of which 23 (55%) were male. Twenty-three
patients (55%) had a diagnosis of PACI, 17 (41%) had a diagnosis of LACI, and 2 (5%)
had a diagnosis of POCI. Table 1 shows the baseline characteristics of the study
population according to stroke group.
6

For all stroke patients recruited to the study, there was a statistically non-significant
correlation between stroke severity on admission (NIHSS 0) and arterial stiffness
indicator (QKD100-60) (r= -0.3, p=0.08). This correlation was even weaker at week 3
bearing in mind that the comparison was made with arterial stiffness measured at
baseline only (r= 0.125, p=0.47). No statistically significant correlations were
observed between NIHSS and mean MAP or mean PP (Table 2).

There was no statistically significant difference of NIHSS score observed at baseline
(week 0) or at 3 weeks between either LACI vs. PACI+POCI groups or between
dippers versus the non-dippers + reverse dippers groups (Table 3). In addition there
was no statistically significant difference of QKD100-60 between LACI vs. PACI+POCI
groups (p=0.69) or between dippers versus non-dippers + reverse dippers (p=0.56).

A correlation test was carried out to explore the relationship between MAP and
NIHSS score at baseline. That too did not reveal any correlation between these two
variables (r=0.07, p=0.68).

Discussion
Prognostic information relating to important cardiovascular parameters such as
arterial stiffness at stroke presentation is relevant to individual patient outcomes
and epidemiological population studies. In our study population, we found a
correlation between arterial stiffness and initial stroke severity, but it did not reach
statistical significance. This finding would be in keeping with our knowledge of the
pathophysiology of stroke; atherosclerosis is a chronic process which occurs over
7

several years, causing thickening of the arteries with plaques which will then result in
stiffer and less compliant arteries over time, leading to a quicker propagation time of
the pulse wave velocity and shorter QKD. This process is likely to be more associated
with larger stroke subtypes (e.g. TACI, PACI, POCI), whereas the impact of
atherosclerosis is less significant in smaller strokes such as LACI. The trend we have
shown between QKD and initial NIHSS therefore highlights an important area of that
should be explored in more detail in future studies.

We would expect that patients with larger strokes would have a worse long-term
outcome compared to those patients with less severe strokes. Indeed, Osmani et al
16

showed that TACIs were associated with poor outcome and the highest mortality

rates of stroke subtypes, whereas LACIs had the best outcome with the most
patients functionally independent at six months. However, in contrast to previous
studies exploring the predictive value of arterial stiffness using PWV with outcomes
from stroke17,18, we found that there was no relationship between stroke outcome at
3 weeks with either stroke subtype or QKD100-60. This is most likely due to the small
sample size of the patient numbers in each group. It is also interesting to note that
there was no statistically significant difference in QKD properties or the BP-dipping
status between group 1 and group 2 in our patient population. There are prognostic
factors other than BP and QKD which will affect outcomes at 3 weeks which we did
not look at, such as maintenance of physiological parameters, atrial fibrillation, and
whether or not the patient was thrombolysed.
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There was no correlation between a variety of ambulatory blood pressure
measurements (SBP, DPP, PP, and MAP, and dipping profile) and stroke severity at
baseline and at 3 weeks in our study. Whether or not high BP is associated with poor
outcome after acute ischaemic stroke has been extensively debated with conflicting
results. Recently, three meta-analyses have neither supported nor opposed early BP
lowering in acute ischaemic stroke with respect to the effect on short or long term
morbidity and mortality 19,20,21. It may instead be BP variability 22,23 and extremes of
BP

24,25

that have an influence on poorer outcomes in the acute post-stroke phase.

Furthermore, a reverse-dipping profile in diastolic BP has previously been shown to
be associated with increased arterial stiffness in post-stroke patients

26

, as well as

with poorer neurological outcomes at baseline and at weeks 1 and 3 compared to
dippers and nondippers 27. Lack of nocturnal decline in BP is postulated to occur as a
result of autonomic centre damage, but it is still uncertain whether changes to nighttime dipping in BP occur prior to or as a result of stroke. Overall, BP is a highly
variable physiological parameter, and our results would suggest that BP alone may
not be a robust marker of initial stroke severity.

Conclusion
Low QKD representing worse arterial stiffness is a non-invasive indication of poor
arterial health and may be a useful tool for predicting initial stroke severity. This
study highlights an important area for further research. It remains to be seen
whether modifying pathological arterial stiffness parameters in the acute stroke
phase has benefits on short term outcomes, such as functional recovery and
mortality.
9

Study limitations
This study was limited by the limited sample size. In addition, no TACI stroke patients
were able to be recruited to this study because of the difficulty in providing informed
consent. We were only able to include patients with good cognitive function at the
time of presentation to hospital, thus the results may not be generalisable to
patients with more severe strokes who lack capacity.
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Table and figure legends
Table 1: Patient baseline characteristics
Table 2: Correlation of NIHSS with variables given below
Table 3: Difference of NIHSS between LACI vs. PACI+POCI and between dippers
versus Non + reverse dippers at baseline and 3 weeks
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Table 1: Patient baseline characteristics
Mean (SD) or count (%)

Total

Group 1 (LACI)

Group 2 (PACI or POCI)

Variable

(n=42)

(n=17)

(n=25)

Mean age

71 (15)

65 (15)

74 (14)

Male

23 (55)

13 (77)

10 (40)

131 (20)

137 (27)

129 (14)

82 (15)

85 (20)

79 (11)

51 (13)

53 (15)

49 (12)

98 (15)

101 (20)

96 (10)

198 (30)

200 (34)

196 (28)

NIHSS 0 week

7 (5)

6 (4)

8 (6)

NIHSS 3 week

4 (5)

2 (2)

5 (6)

Mean 24-hour SBP
(mmHg)
Mean 24-hour DBP
(mmHg)
Mean 24-hour PP
Mean 24-hour MAP
(mmHg)
QKD100-60

Key: LACI = lacunar circulation infarct, PACI = partial anterior circulation infarct, POCI
= posterior circulation infarct, SBP = systolic blood pressure, DBP = diastolic blood
pressure, PP = pulse pressure, MAP = mean arterial pressure, NIHSS = National
Institute of Stroke Scale
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Table 2: Correlation of NIHSS with QKD 100-60, mean MAP, mean PP

NIHSS score time

Variable

Overall correlation

p value

(r)
Week 0

Week 3

-0.3

0.08

mean MAP

0.07

0.68

mean PP

-0.02

0.88

QKD100-60

-0.1

0.47

mean MAP

-0.1

0.47

mean PP

-0.1

0.46

QKD100-60

Key: NIHSS = National Institute of Health Stroke Scale, MAP = Mean arterial pressure,
PP = Pulse pressure
Please note that QKD 100-60, mean MAP and mean PP were measured at baseline
only.
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Table 3: Difference of NIHSS between LACI vs PACI+POCI and between Dippers vs
Non + reverse dippers at baseline and 3 weeks

NIHSS score time

Grouping

Week 0

LACI vs

p value
0.1

PACI+POCI
Dippers (n=14) vs

0.08

Non + reverse dippers n=26)
Week 3

LACI vs

0.05

PACI+POCI
Dippers (n=14) vs

0.29

Non + reverse dippers n=26)
Key: NIHSS = National Institute of Health Stroke Scale, LACI = Lacunar circulation
infarct, PACI = Partial anterior circulation infarct, POCI = Posterior circulation infarct
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