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Proposing arterial stiffness as an alternative
way of assessing risk in transient ischaemic
attack (TIA) patients 
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Abstract
Background: The ABCD2 score is a clinical tool currently cat-
egorising transient ischaemic attack (TIA) patients as low or
high risk. Arterial stiffness, a novel physiological parameter
predicting future cardiovascular events, has not been ex-
plored in TIA populations.  
Methods: The following arterial stiffness parameters were
measured in TIA patients aged >40 years: carotid-femoral
pulse wave velocity (C-F PWV), carotid-radial pulse wave ve-
locity (C-R PWV) using Complior® and central and peripheral
blood pressure (BP) using Arteriograph®. Nocturnal BP dip-
ping profiles were measured using 24-h ambulatory blood
pressure monitoring. TIA participants were age- and gender-
matched with healthy subjects to compare arterial stiffness
and BP profiles.  
Results: Twenty-four TIA patients, 50% male, of mean±SD
age 70±10.1 years were recruited to the study. Mean±SD
C-F PWV was 11.5±3.18 m/s and C-R PWV was 10.8±1.26 m/s.
Published normative data for healthy age- and gender-
matched subjects are C-F PWV 10.9 m/s and C-R PWV 10.1
m/s. Our TIA patients had higher central (130 mmHg) than
peripheral BP (128 mmHg) compared with healthy subjects
in whom central BP is 10–15 mmHg lower than peripheral BP.
Thirty-eight percent of TIA patients lacked nocturnal dipping
compared with 19% of healthy subjects.
Conclusions: In our TIA cohort we found increased arterial
stiffness measurements compared to healthy subjects.   
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Introduction
The incidence of transient ischaemic attack (TIA) ranges from 0.37
to 1.1 per 1000 per year;1,2 7–40% of patients presenting with
an ischaemic stroke have suffered a previous TIA.3 The true risk
of stroke is up to 10% at 1 week after a TIA and 17% at 1
month.4,5 A recent review and meta-analysis of TIA patients
triaged to secondary stroke prevention services indicated that
45% of patients classified as high risk were found to have stroke
mimics such as migraine and epilepsy.6

Improved risk stratification in TIA patients may assist in identi-
fying patients with true cerebrovascular disease and at higher risk
of subsequent cerebrovascular accidents. At present the ABCD2
risk stratification score is a simple tool used to provide prognostic
information in identifying TIA patients with greatest short-term risk
of stroke and thus requiring urgent specialist assessment within
24 h. These recommendations are partly influenced by service pro-
vision of TIA clinics and their capacity to accommodate patients
within 24 h. Practical constraints mean that access to these clinics
must ideally be reserved for those at highest risk, as opposed to all
comers perceived to have had a TIA which includes a high propor-
tion of stroke mimics. The parameters of the ABCD2 score are
based solely on clinical features (age, blood pressure, clinical symp-
toms of unilateral weakness and speech disturbance, duration and
diabetes). Some patients classified as low risk (ABCD2 score <4)
may have significant aetiological risk factors, such as atrial fibrilla-
tion, which are not included in the score.7,8 A recent meta-analysis
and systematic review including 13,766 TIA patients from 29
cohorts showed that the ABCD2 score does not reliably distinguish
between stroke mimics and those at high risk (ABCD2 score ≥4) of
early stroke.6 Over 2000 patients classified as low risk (ABCD2 score
<4) did have significant carotid stenosis or atrial fibrillation, which
are known to independently increase the risk of subsequent stroke
events. One in five patients with carotid stenosis requiring urgent
intervention were categorised as low risk. Additionally, the ABCD2
score has low sensitivity and specificity when used in the commu-
nity and by non-specialists. These reasons highlight the need for
improved methods to predict the future risk of strokes in TIA
patients. 

Novel cardiovascular parameters such as measures of arterial stiff-
ness may potentially provide a more sophisticated risk assessment
than the ABCD2 score.9 Epidemiological studies have determined
that increased arterial stiffness independently predicts cardiovascular
events including myocardial infarction and stroke.10-15
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Arterial stiffness can be measured reliably and non-invasively
using pulse wave velocity (PWV).16-19 Exploring measurements of
arterial stiffness in TIA patients specifically may improve the identi-
fication of patients at high risk of subsequent stroke events. Periph-
eral blood pressure (BP) measurements are a component of the
ABCD2 scoring system. It must be borne in mind that the interplay
of vascular parameters is co-dependent on BP characteristics and
the site of BP measurement. Brachial BP does not accurately repre-
sent systemic BP, as systolic BP (SBP) is amplified between the aortic
root and periphery. Several factors affect the relationship between
brachial and aortic BP, such as ageing, diabetes, atherosclerosis and
gender.20,21

Traditionally, peripheral BP but not central BP is measured in
clinical practice. However, measuring central SBP is a useful, reliable
indicator of the degree of aortic stiffening compared with periph-
eral arterial measurements.11,15,22 The relationship between central
and peripheral BP in TIA patients has not yet been determined.

Twenty-four hour BP can be measured simply and non-invasively
in the community setting. BP dips by 10–20% overnight in healthy
individuals. Lack of nocturnal dipping has been associated with
worse vascular stiffness parameters and poor outcomes in ischaemic
stroke patients after 3 weeks and, similarly, the nocturnal BP dipping
phenomenon has not been explored in TIA patients.23-25

This study aims to measure vascular parameters (arterial stiffness
and BP dipping profile) in a cohort of TIA patients and compare
their PWVs and BP characteristics with published values for healthy
individuals from an existing database.

The primary hypothesis is that TIA patients have stiffer arteries
than subjects who have not suffered a TIA. Secondary hypotheses
are that (1) TIA patients have a higher central BP than peripheral
BP compared with healthy subjects, suggesting stiffer aorta; and
(2) TIA patients are more likely to lack nocturnal dipping in 24-h
ambulatory blood pressure monitoring (ABPM) than healthy
subjects.

Methods
Participants were recruited from the Brighton and Sussex Uni-
versity Hospitals Trust (BSUH) TIA Rapid-Access clinic and stroke
ward. Inclusion criteria: participants aged ≥40 years with a con-
firmed diagnosis of TIA. Exclusion criteria: participants in atrial
fibrillation, malignancy with current active treatment, dementia
or previous TIA. Atrial fibrillation confounds arterial stiffness
measurements, so these participants were excluded.

TIA diagnoses were confirmed by the stroke physician fol-
lowing an assessment including history, examination and inves-
tigations (e.g CT head, MRI scan, ECG and carotid Doppler).

Participants underwent baseline assessment including a full
medical history and examination. Body mass index (kg/m2) was
calculated. Lying and standing BP and heart rate were measured
using a validated oscillometric device (Omron HEN-705CP, Tokyo,
Japan) at the right brachial artery. 

PWV was measured in the carotid-femoral C-F (elastic) and
carotid-radial C-R (muscular) arterial segments using Complior®

(Alam Medocas, France), a validated automated system to meas-
ure arterial stiffness. 

Central aortic BP was measured non-invasively using oscillo-
metric Arteriograph® (TensioClinic Arteriograph; UniMedic)
equipment. Participants were positioned at 45° recline and a BP
cuff was placed. The measurements were all performed by the
same two researchers.

Repeatability calculations indicated minimal bias from intra-
and inter-observer variability (intra-observer repeatability coeffi-
cient (RC); C-F PWV = 4.3%, C-R PWV = 5.5%; inter-observer
RC; C-F PWV = 2.3%, C-R PWV = 4.1%). 

Twenty-four hour ABPM was measured using Diasys IntegraII
machines (Novacor, Cedex, France). BP was measured every 30
min between 07:00 and 22:00 (day), and hourly between 22:01
and 06:59 (night) over 24 h. A cut-off of five valid overnight
recordings was used. The results for each participant were clas-
sified according to diurnal SBP variation (SBP change (%) = (day
SBP – night SBP)/day SBP) as dippers (≥10% fall in BP overnight),
non-dippers (0–<10% fall in BP overnight) and reverse dippers
(>0% rise in BP overnight).

Twenty-four hour BP dipping profiles were compared be-
tween TIA participants matched for age (within ±5 years) and
gender with healthy Caucasian subjects from the UK arm of the
Brighton and Verona Seniors’ Study (BRAVES): Prevalence of un-
recognised metabolic syndrome in the healthy elderly popula-
tion.26 In this study 90 healthy subjects aged between 65 and
85 years were determined by selection from a UK GP register.
Subjects with known hypertension, diabetes, taking statin ther-
apy or clinically obese were excluded. Comparisons were drawn
between ABPM recordings that were measured using the same
methodology and techniques in both the BRAVES study and our
TIA cohort. Ethical approval was obtained from Brighton Re-
search Ethics Committee (REC number: 09/H1107/86).

Results
Twenty-six participants were initially recruited. One patient was sub-
sequently found to be in atrial fibrillation and the ABPM result for
one patient was incomplete. Thus data from 24 participants were
analysed; 22 had valid PWV recordings, of which 16 had valid
ABPM recordings. The  mean±SD age of the participants was
70±10.1 years (range 50–86) and 50% were male. Table 1 sum-
marises the baseline characteristics of the cohort. 

PWV
PWV recorded in different segments are summarised in Table 2.
Twenty-two TIA participants had valid C-F PWV and C-R PWV
recordings. 

Central vs brachial SBP
Central SBP was higher than peripheral SBP in TIA participants
(central SBP = 130±19.3 mmHg, brachial SBP = 128±14.7 mmHg,
n = 20), with a mean difference of 2 mmHg between the two
measurements. In healthy populations one would normally expect
a lower central BP compared with the brachial BP. 

Nocturnal dipping
From this TIA cohort, 16 participants had valid ABPM recordings
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and were matched for gender and age (±5 years) to healthy sub-
jects (Figure 1). Six TIA participants (38%) lacked nocturnal dipping
compared with 19% of matched healthy subjects, five of whom
were non-dippers and one was a reverse-dipper. SBP dipped
nocturnally in 10 patients (62%).  

Discussion
The key findings of our data suggest that participants who have
suffered a TIA have stiffer arteries compared with published nor-
mative data (Table 2). Our TIA cohort had a C-F PWV 0.6 m/s higher
than healthy subjects in published data and a C-R PWV 0.7 m/s
higher than healthy subjects in published data.26,27 This finding of
increased arterial stiffness has also been associated with a greater
central aortic BP compared to peripheral brachial BP (central SBP =
130mmHg, peripheral SBP = 128mmHg), and a lower prevalence
of nocturnal dipping in SBP than in healthy subjects (TIA non-
dippers or reverse dippers = 38%, matched healthy non-dippers or
reverse dippers = 19%, p = 0.232 (n/s)).

Central SBP was higher by 2 mmHg than peripheral SBP in
individuals who have suffered a TIA. Peripheral SBP is normally
amplified from the aorta.20 Central BP is expected to be 10–15
mmHg lower than peripheral BP in healthy patients.28 The role
of central BP is not yet established in the aetiology of TIA. Our
findings are important as central BP can be measured non-inva-
sively in clinical environments and may be a characteristic factor
for some TIA patients. Thus, further investigation of this pro-
posed relationship may lead to improved identification of future
TIA risk compared with the ABCD2 scoring system. 

The percentages of non-dippers in the TIA cohort (38%) was
greater than that reported in a group of healthy elderly patients
(14%).29 Thirty-eight percent of TIA participants compared with
19% of matched control subjects lacked nocturnal dipping. The
likelihood of a TIA participant, compared to a healthy subject,
being a non-dipper was not statistically significant. A larger sam-
ple of TIA patients showing a non-dipping BP profile is needed
to explore the association between non-dipping BP and future
risk of TIA and stroke events. It is physiologically plausible that
patients with non-dipping BP profiles may be at higher risk of
atherosclerosis, worse vascular parameters and higher risk of
future stroke events. 

The ABCD2 scoring system is open to recall bias, does not
include significant risk factors such as carotid stenosis and atrial
fibrillation and, as such, has limited risk prediction properties due
to the heterogeneity of TIA patients.7,8 The measures of direct
arterial stiffness and blood pressure parameters (central BP and
dipping profile) proposed in the study reflect biological age
(rather than chronological age), and hence may offer a more ob-
jective and relevant risk prediction than the existing ABCD2 risk
stratification system. 

Study limitations
TIA participants were retrospectively matched to healthy sub-
jects. Although participants were age- and gender-matched and
those with atrial fibrillation excluded, risk factors such as dia-
betes, cholesterol, alcohol and smoking were not matched for.30

Conclusions
From our TIA cohort we found that TIA participants have stiffer
arteries in the majority of arterial segments compared with a
database of healthy subjects. TIA participants have stiffer aortas
as determined by PWV, central BP being greater than peripheral
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Table 1 Characteristics of TIA participants (n=24) showing the 
mean±SD (range) for all variables 

Mean SD Range

Age (yrs) 70 ±10.1 (50–86)

Body mass index (kg/m2) 28.5 ±6.50 (20.8–41.4)

Smoking (pack years) 27 ±35.9 (0–150)

Alcohol (units/week) 6 ±9.5 (0–40)

Total cholesterol (mmol/L) 5.1 ±1.32 (2–8)

SBP (mmHg) 138 ±19.0 (98–175)

DBP (mmHg) 80 ±9.9 (55-95)

MAP (mmHg) 99 ±10.9 (73-120)

Table 2 Comparison between PWV values recorded in this TIA 
cohort compared with published normal PWV values  

Technique TIA participants Normal healthy 
± SD (m/s) (m/s) Study

C-F PWV Complior® 11.5 10.9
(n=22) ±3.18 Mattace-Raso et al, 

201027

C-R PWV Complior® 10.8 10.1
(n=22) ±1.26 Ramsay et al, 201226

Figure 1. Difference in frequencies of types of dippers 
between TIA cohort (dark blue, n = 16) and healthy 
subjects (light blue, n = 16) (p = 0.232)
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BP and a higher proportion of non-dippers or reverse dippers. These
vascular parameters are not currently included in risk stratification
scores such as the ABCD2. This study advocates exploring their
potential as more objective vascular parameters in TIA patients. 
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Key messages

• VABCD2 risk scoring system does not reliably 
differentiate between TIAs and stroke mimics

• The ABCD2 scoring system does not take into account
significant vascular risk parameters such as arterial
stiffness and dipping blood pressure profile

• Our cohort of TIA patients had increased arterial 
stiffness measurements compared to age and gender
matched healthy older adults

• We advocate exploring the potential of arterial 
stiffness and blood pressure dipping profile as 
potentially objective vascular parameters in future risk
prediction of TIAs and stroke 
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