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Abstract
Aims: There is no consensus definition for minor and major stroke in trials comparing CAS vs. CEA. In 
this study the patients of our large single-centre CAS registry suffering a procedure-related stroke were cat-
egorised as minor or major stroke according to study-specific definitions.

Methods and results: A board-certified neurologist examined nearly all patients (99%) pre- and post-
procedurally, and once again in case of a subsequent neurological deficit. To objectify the deficits the NIHS 
Scale and modified Rankin Scale (mRS) were used. To compare the difference of the rates of minor and 
major strokes according to each definition, Fleiss’ Kappa and Cohen’s Kappa Test were used, as appropri-
ate. Up to 30 days, 34 (3.6%) neurological events in 947 procedures lasting >24 hours (=stroke) occurred. 
According to our definition (major stroke: symptoms lasting >30 days, NIHSS ≥4 and/or mRS ≥3), 15 
(1.6%) sustained a major and 19 (2%) a minor stroke. The comparison of all definitions of stroke resulted 
in a substantial agreement (Fleiss’ Kappa=0.73). The stroke rates depending on available definitions were 
as follows: our centre 19 minor/15 major strokes, CREST 15/18 (1 n.a.), Yadav et al 14/20, Bamford et al 
18/13 (3 n.a.), Post et al 18/13 (3 n.a.), SPACE 17/17, ICSS 22/11 (1 n.a.).

Conclusions: Study-specific definitions for minor and major strokes lead to significantly different rates 
of stroke. Therefore, study-specific definitions should be respected comparing the results of each trial. 
A standard definition for minor and major stroke should be used in future trials.
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Stroke rates depend on study-specific definitions

Abbreviations
CAS carotid artery stenting
CEA carotid endarterectomy
CREST Carotid Revascularization Endarterectomy versus Stenting 

Trial
ICSS International Carotid Stenting Study
mRS modified Rankin Scale
NIHSS National Institutes of Health Stroke Scale
RCT randomised controlled trial
SPACE Stent-Protected Angioplasty versus Carotid Endarterectomy 

study

Introduction
The treatment of a significant carotid artery stenosis is performed 
to avoid neurological events, primarily strokes with restriction 
in daily routine. One of the most important issues during carotid 
revascularisation is to avoid procedure-related strokes.

In general, stroke is defined as a neurological deficit due to 
a cerebrovascular cause that persists beyond 24 hours. An updated 
definition of stroke was published in 2013, which includes objec-
tive evidence of ischaemic injury by imaging and clinical evidence 
based on symptoms persisting ≥24 hours or until death1.

The 24-hour limit divides stroke from transient ischaemic attack 
(TIA), which is a related syndrome of stroke symptoms but resolves 
completely within 24 hours after onset of first symptoms. In several 
large registries and randomised trials comparing carotid endarterec-
tomy (CEA) and carotid artery stenting (CAS), stroke is categorised 
as minor and major stroke or disabling and non-disabling stroke. This 
categorisation is usually done by means of duration of the neurologi-
cal symptoms or point value of different score systems. In most cases 
the National Institutes of Health Stroke Scale (NIHSS) and/or the 
modified Rankin Scale (mRS) is used. The allocation to the different 
subtype of stroke is important in view of the fact that patients with 
major symptoms (i.e., major or disabling stroke) are usually unable 
to manage their everyday life; moreover, a stroke with obvious dis-
ability leads to higher healthcare costs. Furthermore, it is known that 
a severe stroke has prognostic significance and the severity of the 
stroke is an important predictor of long-term survival2. However, to 
date, there is no unique classification for minor and major stroke3-8, 
which obscures direct comparisons of study results.

In this study we aimed to assess the impact of different stroke 
definitions, used in various trials, on the complication rate in 
our relatively large patient population treated and monitored in 
a standardised fashion.

Methods
For this retrospective analysis, we included all symptomatic and 
asymptomatic patients with a relevant carotid artery stenosis under-
going carotid artery stenting in a single centre. The stenosis quan-
tification was carried out according to established criteria9,10. Since 
1999, all procedures have been performed by one interventionalist 
or one further proctored by that interventionalist. In each patient 
a pre- and post-procedural neurological examination was done by 

Table 1. Classification of minor and major stroke including NIHSS 
and/or mRS in different registries/RCTs (CAS vs. CEA).

Study/Registry
NIHSS mRS

Duration of 
symptoms

minor major minor major minor major
Neuperlach+ 1-3 ≥4 1-2 ≥3 <30 d ≥30 d

CREST3 <9* ≥9* n.a. n.a. n.a. n.a.

Yadav et al8 ≤3 ≥4 n.a. n.a. ≤7 d >7 d

Bamford/Post et al4,5 n.a. n.a. 2-3 4-5 n.a. n.a.

SPACE7 n.a. n.a. 1-2# ≥3# n.a. n.a.

ICSS6‡ n.a. n.a. ≤2# ≥3# n.a. n.a.
+In case of symptomatic patients (patients with a prior stroke before 
CAS) with persistent neurological symptoms, a stroke was defined as 
minor if an increase in the NIHSS score of 1 to 3 was determined, and 
major if an increase of ≥4 was observed. *determination 90 days 
post-procedure. The final determination of whether a stroke was major 
or minor was based on a combination of narrative clinical reports, the 
NIHSS, imaging reports, and outcome data. #Classification into 
disabling and non-disabling stroke. ‡Assessment at 30-day follow-up. 
CAS: carotid artery stenting; CEA: carotid endarterectomy; CREST: 
Carotid Revascularization Endarterectomy versus Stenting Trial; d: days; 
ICSS: International Carotid Stenting Study; mRS: modified Rankin 
Scale; NIHSS: National Institutes of Health Stroke Scale; SPACE: 
Stent-Protected Angioplasty versus Carotid Endarterectomy study

a board-certified neurologist, usually the day before and the day 
after the intervention, and once again in case of a subsequent neu-
rological deficit. The NIHSS11 and mRS12,13 were used to objectify 
potential neurological deficits occurring during or after the proce-
dure. Further information about the registry is given in previous 
publications14,15. Table 1 shows the study-specific definitions for 
minor and major stroke. In our series a stroke was defined as minor 
if symptoms persisted less than 30 days, an NIHSS score of 1-3 
and/or an mRS score <3. A major stroke included symptoms per-
sisting ≥30 days, an NIHSS score of ≥4 and/or an mRS score ≥3.

In case of symptomatic patients (patients with a prior stroke before 
CAS) with already existing neurological symptoms at baseline, 
a stroke was defined as minor if an increase in the NIHSS score of 1 
to 3 was determined, and major if an increase of ≥4 was observed.

Statistical analysis
To compare the statistical difference of the rates of stroke accord-
ing to each definition, Fleiss’ Kappa and Cohen’s Kappa Test were 
used. Kappa was used as a measurement of agreement (between 
two raters). In Cohen’s Kappa, it measures agreements between two 
raters, respectively; in Fleiss’ Kappa, it measures the overall agree-
ments among all the raters, in this case the different definitions of 
the registries/studies. Conventionally, a Kappa of ≤0.2 is consid-
ered as slight agreement, 0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 
substantial or strong, and more than 0.8 almost perfect agreement. 
The 95% confidence interval is Kappa±96 standard error.

Results
From 1999 to 2014, we performed 947 percutaneous carotid inter-
ventions in symptomatic and asymptomatic patients with a relevant 
carotid artery stenosis. The patient characteristics are listed in Table 2.
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Up to 30 days after the procedure, 34 patients (3.6%) suffered 
a stroke (typical neurological symptoms lasting >24 hours, proce-
dural neurological events included). In half of the patients (n=17) 
it occurred during the procedure, in the other half (n=17) post-
procedurally during follow-up. According to our stroke defini-
tions, 15 patients (1.6%) sustained a major and 19 patients (2%) 
a minor stroke. Table 3 shows the particular incidence of minor 
and major stroke according to the definition used in several large 
CAS registries or RCTs comparing CAS vs. CEA. Using these 
different definitions, our major stroke rate varies from 1.2%-2.1%, 
the minor stroke rate from 1.5%-2.3%. Some patients could not 
be allocated to either minor or major stroke due to missing clini-
cal data, depending on the requirements of the study (in CREST, 
Bamford et al, Post et al, Yadav et al and ICSS). Table 4 illus-
trates the comparison of the different stroke rates of each study. 
All pairwise comparisons showed a statistically significant dif-
ference in the rates of minor and major stroke. Cohen’s Kappa 
resulted in fair to infrequently substantial agreement of the stroke 
rates. Fleiss’ Kappa yielded a value of 0.73 (95% CI: 0.6362 to 
0.8210), testifying that the overall agreements among all raters 

Table 2. Patient characteristics.

Mean age 71 yrs

>80 yrs 16.5% (156)

Male 65% (615)

Symptomatic carotid artery stenosis 27.7% (262)

Left carotid artery stenosis 51% (489)

Right carotid artery stenosis 49% (467)

Medical 
history

Hypertension 91.2% (863)

Hypercholesterolaemia 79.8% (755)

Smokers 21% (199)

Diabetes mellitus 33.5% (317)

Coronary heart disease 65% (615)

Myocardial infarction 20.6% (195)

Renal insufficiency 22.3% (211)

Peripheral artery disease 24.2 (229)

Chronic obstructive pulmonary disease 7.2% (68)

Atrial fibrillation 13.8% (131)

Table 4. Agreement of the study-specific stroke rate depending on 
the definition.

Study I Study II Cohen’s Kappa p-value
CREST Yadav et al 0.32 0.02

CREST Bamford 0.65 <0.01

CREST SPACE 0.49 <0.01

CREST ICSS 0.5 <0.01

CREST Neuperlach 0.55 <0.01

Yadav et al Bamford/Post et al 0.57 <0.01

Yadav et al SPACE 0.59 <0.01

Yadav et al ICSS 0.54 <0.01

Yadav et al Neuperlach 0.71 <0.01

Bamford /Post et al SPACE 0.75 <0.01

Bamford /Post et al ICSS 0.79 <0.01

Bamford /Post et al Neuperlach 0.87 <0.01

SPACE ICSS 0.69 <0.01

SPACE Neuperlach 0.88 <0.01

ICSS Neuperlach 0.81 <0.01

A kappa of 1 correlates with a perfect agreement, a kappa ≤0.8 with 
a substantial, a kappa ≤0.6 with a moderate and a kappa ≤0.4 with 
a fair agreement. A p-value <0.05 indicates a true kappa. 
CREST: Carotid Revascularization Endarterectomy versus Stenting Trial; 
ICSS: International Carotid Stenting Study; SPACE: Stent-Protected 
Angioplasty versus Carotid Endarterectomy study

Table 3. Rate of minor and major stroke according to the 
study-specific definitions.

Study
Minor stroke/
non-disabling

Major stroke/ 
disabling

n.a.

Neuperlach 19 15

CREST3 15 18 1

Yadav et al8 14 20

Bamford et al4 18 13 3

Post et al5 18 13 3

SPACE7 17 17

ICSS6 22 11 1

CREST: Carotid Revascularisation Endarterectomy versus Stenting Trial; 
ICSS: International Carotid Stenting Study; SPACE: Stent-Protected 
Angioplasty versus Carotid Endarterectomy study

(=study-specific definition of minor and major stroke) are not per-
fect, but substantial.

In patients with a symptomatic carotid artery stenosis (a neuro-
logical event ≤6 months before CAS) the change of NIHSS (before 
and after the recurrent event) was crucial for the stroke classifica-
tion. In our registry, 14 of the 34 (41.2%) patients with a proce-
dure-related stroke had a prior symptomatic carotid stenosis.

Discussion
On the basis of the 30-day stroke rate of our single-centre CAS 
registry, including almost 1,000 carotid procedures in sympto-
matic and asymptomatic patients, we found that the minor and 
major stroke rate varies significantly depending on the selected 
definition (Figure 1).

In general, a minor stroke is defined as an ischaemic stroke irre-
spective of the origin (e.g., atrial fibrillation, carotid artery ste-
nosis, arterio-arterial), usually associated with a short period of 
symptoms and good functional outcome. In contrast, patients suf-
fering a major or disabling stroke are not able to carry out all 
usual activities and therefore require intensive rehabilitation and 
constant care later on.

In most of the CAS registries or RCTs comparing CAS vs. 
CEA, the NIHSS and/or mRS are used to classify the stroke symp-
toms in minor or major stroke. NIHSS includes a 15-item scale of 
neurological impairments (score from 0 to 42, from no symptoms 
up to coma/quadriplegia). The mRS ranges from 0, which means 
no symptoms, up to 6 (death) and specifies the degree of disabil-
ity. However, there is no definite and uniform threshold to catego-
rise stroke into minor or major. Moreover, using the NIHSS, the 
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severity of symptoms may be underestimated particularly in terms 
of visual and language disorders16,17.

In a retrospective Italian analysis, Crespi et al evaluated 
a threshold to categorise patients as minor stroke according to the 
mRS in 2,389 stroke patients (any cause of stroke) of the SIRIO 
study database18. The threshold for minor stroke was determined 
as mRS ≤2 (slight disability; unable to carry out all previous activ-
ities, but able to look after own affairs without assistance) due 
to a better outcome which resulted in a lower one-year mortality 
and a higher rate of discharge in comparison to all stroke patients, 
optimally evaluated at hospital discharge.

In addition, there is no general agreement on the timing of the 
assessment of stroke severity (immediately after the first contact 
with the symptomatic patient vs. at discharge or during follow-
up). This is important because some patients improve during the 
hospital stay due to early therapy or intensive rehabilitation; how-
ever, a smaller proportion shows clinical impairment18. Hence, 
minor stroke may be different depending on the moment of the 
clinical examination of the patients.

In a further study, 760 consecutive patients with an acute 
ischaemic stroke were classified by means of six different minor 
stroke definitions, primarily based on the NIHSS16. The endpoint 
included the rate of discharge from hospital and neurological sta-
tus assessed with mRS (favourable outcome at three months mRS 
of ≤2). The following definitions were considered most suitable 
for the term minor stroke due to most favourable outcome: all 
patients with an NIHSS score 0 or 1 on every baseline NIHSS 
score item, except level of consciousness items (definition A) and 
all patients with baseline NIHSS ≤3 (definition F). On the other 
hand, all patients with only motor deficits with or without sen-
sory deficits and all patients with baseline NIHSS in the lowest 
(least severe) quartile of severity (NIHSS ≤9) had the worst out-
come (definitions C and E). The advantage of definition F (NIHSS 
≤3) is the objectiveness and simple assessment. Defining minor 
stroke by means of NIHSS ≤3 was used, in accordance with other 

Neuperlach CREST SPACE ICSS Yadav Bamford Post

Registries/Studies
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Figure 1. Procedure-related stroke rates after CAS in the same 
patient population according to the study-specific definition used in 
published trials.

important groups of stroke research8,19,20, and our single-centre 
registry. Notably, about 70% of the patients with an NIHSS 3 
were discharged home compared to around 60% of those with an 
NIHSS 4. In patients with an NIHSS ≥5, the discharge rate was 
35% or even less16. This result shows how challenging a determi-
nation of a threshold for minor stroke is.

In addition, the authors proposed to include not only the clini-
cal symptoms of the patients, but also diffusion-weighted imag-
ing to define those patients with a minor stroke more accurately16. 
However, data about the combination of clinical signs and imag-
ing do not exist as yet.

In several randomised trials comparing CAS vs. CEA, the 
classification of stroke differs greatly (Table 1). In the Stenting 
versus Endarterectomy for Treatment of Carotid-Artery Stenosis 
(CREST) trial a stroke was defined as major stroke on the basis 
of clinical data or if the NIHSS was 9 or higher 90 days after 
the procedure. Neurological assessment was carried out at base-
line and 18 to 54 hours after the procedure and one month later3. 
However, in the Stent-Protected Angioplasty versus Carotid 
Endarterectomy (SPACE) study, stroke was subclassified as disa-
bling or non-disabling based on the mRS. Patients with an mRS 
≥3 had a severe stroke, termed as disabling stroke7. Other neu-
rological assessment was not mandatory to define the type of 
stroke. In a further international randomised trial comparing CEA 
vs. CAS in symptomatic patients (ICSS), a stroke was defined 
as a disabling stroke if there was an increase in the mRS to 3 or 
more at 30-day follow-up6.

In a CAS series with 107 consecutive patients, a minor stroke 
was defined as a neurological deficit lasting <7 days or an NIHSS 
of ≤3. A major stroke included symptoms lasting >7 days and an 
NIHSS >38.

With respect to the definitions mentioned above, we think that 
our definition for minor and major stroke best reflects the currently 
used classification: it is consistent with other trials and registries and 
uses the most frequently applied neurological assessment scales.

Limitations
Undoubtedly, the results of our registry include some limitations. 
A few of our patients suffering a procedure-related stroke could 
not be allocated appropriately according to the definitions of other 
trials because clinical reports were different. Furthermore, the 
exact moment of the neurological assessment after the procedure 
was not standardised. Neurological symptoms in particular are 
known to fluctuate. However, clinical assessment was performed 
in almost all of the patients pre- and post-procedurally by a board-
certified neurologist before hospital discharge.

Conclusions
In summary, there is no consensus definition for minor and major 
stroke irrespective of the origin of the emboli. Using established defi-
nitions of large registries or RCTs led to significantly different minor 
and major stroke rates in our study cohort. Therefore, one should take 
notice of the definition of each study when comparing the results 
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after carotid intervention. A standard definition for minor and major 
stroke should be used in each future trial to make results comparable.

Impact on daily practice
On the basis of the 30-day stroke rate of our single-centre CAS 
registry, we found that the minor and major stroke rates vary 
significantly depending on the definition used in several studies 
or registries. A standard definition for minor and major stroke 
should be used in each future trial to make study results com-
parable. Therefore, we think that our article contributes signifi-
cantly to the field of CAS and CEA studies.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, 
Culebras A, Elkind MS, George MG, Hamdan AD, Higashida RT, 
Hoh BL, Janis LS, Kase CS, Kleindorfer DO, Lee JM, Moseley ME, 
Peterson ED, Turan TN, Valderrama AL, Vinters HV; American Heart 
Association Stroke Council, Council on Cardiovascular Surgery and 
Anesthesia; Council on Cardiovascular Radiology and Intervention; 
Council on Cardiovascular and Stroke Nursing; Council on 
Epidemiology and Prevention; Council on Peripheral Vascular Disease; 
Council on Nutrition, Physical Activity and Metabolism. An updated 
definition of stroke for the 21st century: a statement for healthcare 
professionals from the American Heart Association/American Stroke 
Association. Stroke. 2013;44:2064-89.
 2. Banks JL, Marotta CA. Outcomes validity and reliability of the 
modified Rankin scale: implications for stroke clinical trials: a litera-
ture review and synthesis. Stroke. 2007;38:1091-6.
 3. Brott TG, Hobson RW, Howard G, Roubin GS, Clark WM, 
Brooks W, Mackey A, Hill MD, Leimgruber PP, Sheffet AJ, Howard VJ, 
Moore WS, Voeks JH, Hopkins LN, Cutlip DE, Cohen DJ, Popma JJ, 
Ferguson RD, Cohen SN, Blackshear JL, Silver FL, Mohr JP, Lal BK, 
Meschia JF; CREST Investigators. Stenting versus endarterectomy for 
treatment of carotid-artery stenosis. N Engl J Med. 2010;363:11-23.
 4. Bamford JM, Sandercock PA, Warlow CP, Slattery J. Interobserver 
agreement for the assessment of handicap in stroke patients. Stroke. 
1989;20:828.
 5. Post PN, Stiggelbout AM, Wakker PP. The utility of health 
states after stroke: a systematic review of the literature. Stroke. 
2001;32:1425-9.
 6. International Carotid Stenting Study investigators, Ederle J, 
Dobson J, Featherstone RL, Bonati LH, van der Worp HB, de Borst GJ, 
Lo TH, Gaines P, Dorman PJ, Macdonald S, Lyrer PA, Hendriks JM, 
McCollum C, Nederkoorn PJ, Brown MM. Carotid artery stenting 
compared with endarterectomy in patients with symptomatic carotid 
stenosis (International Carotid Stenting Study): an interim analysis of 
a randomised controlled trial. Lancet. 2010;375:985-97.
 7. SPACE Collaborative Group, Ringleb PA, Allenberg J, 
Bruckmann H, Eckstein HH, Fraedrich G, Hartmann M, Hennerici M, 

Jansen O, Klein G, Kunze A, Marx P, Niederkorn K, Schmiedt W, 
Solymosi L, Stingele R, Zeumer H, Hacke W. 30 day results from 
the SPACE trial of stent-protected angioplasty versus carotid endar-
terectomy in symptomatic patients: a randomised non-inferiority trial. 
Lancet. 2006;368:1239-47.
 8. Yadav JS, Roubin GS, Iyer S, Vitek J, King P, Jordan WD, 
Fisher WS. Elective stenting of the extracranial carotid arteries. 
Circulation. 1997;95:376-81.
 9. Grant EG, Benson CB, Moneta GL, Alexandrov AV, Baker JD, 
Bluth EI, Carroll BA, Eliasziw M, Gocke J, Hertzberg BS, Katanick S, 
Needleman L, Pellerito J, Polak JF, Rholl KS, Wooster DL, Zierler RE. 
Carotid artery stenosis: gray-scale and Doppler US diagnosis--Soci-
ety of Radiologists in Ultrasound Consensus Conference. Radiology. 
2003;229:340-6.
 10. North American Symptomatic Carotid Endarterectomy Trial 
Collaborators. Beneficial effect of carotid endarterectomy in symp-
tomatic patients with high-grade carotid stenosis. N Engl J Med. 
1991;325:445-53.
 11. Brott T, Adams HP Jr, Olinger CP, Marler JR, Barsan WG, Biller J, 
Spilker J, Holleran R, Eberle R, Hertzberg V, et al. Measurements of 
acute cerebral infarction: a clinical examination scale. Stroke. 1989;20: 
864-70.
 12. Rankin J. Cerebral vascular accidents in patients over the age of 
60. II. Prognosis. Scott Med J. 1957;2:200-15.
 13. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van 
Gijn J. Interobserver agreement for the assessment of handicap in 
stroke patients. Stroke. 1988;19:604-7.
 14. Mudra H, Ziegler M, Haufe MC, Hug M, Knape A, Meurer A, 
Pitzl H, Buchele W, Spes C. [Percutaneous carotid angioplasty with 
stent implantation and protection device against embolism--a pro-
spective study of 100 consecutive cases]. Dtsch Med Wochenschr. 
2003;128:790-6.
 15. Spes CH, Schwende A, Beier F, Hug M, Hein R, Strohm H, 
Buchele W, Haufe MC, Mudra H. Short- and long-term outcome after 
carotid artery stenting with neuroprotection: single-center experience 
within a prospective registry. Clin Res Cardiol. 2007;96:812-21.
 16. Fischer U, Baumgartner A, Arnold M, Nedeltchev K, Gralla J, 
De Marchis GM, Kappeler L, Mono ML, Brekenfeld C, Schroth G, 
Mattle HP. What is a minor stroke? Stroke. 2010;41:661-6.
 17. Martin-Schild S, Albright KC, Tanksley J, Pandav V, Jones EB, 
Grotta JC, Savitz SI. Zero on the NIHSS does not equal the absence of 
stroke. Ann Emerg Med. 2011;57:42-5.
 18. Crespi V, Braga M, Beretta S, Carolei A, Bignamini A, 
Sacco S. A practical definition of minor stroke. Neurol Sci. 2013;34: 
1083-6.
 19. Coutts SB, Hill MD, Campos CR, Choi YB, Subramaniam S, 
Kosior JC, Demchuk AM; VISION study group. Recurrent events in 
transient ischemic attack and minor stroke: what events are happening 
and to which patients? Stroke. 2008;39:2461-6.
 20. Luengo-Fernandez R, Gray AM, Rothwell PM. Effect of 
urgent treatment for transient ischaemic attack and minor stroke on 
disability and hospital costs (EXPRESS study): a prospective popu-
lation-based sequential comparison. Lancet Neurol. 2009;8:235-43.


