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Abstract
Objectives  Patients with TIA and minor stroke commonly undergo CT and CTA in the emergency department with subse-
quent MRI with MRA for further workup. The purpose of this study was to review outpatient MRIs for TIA/stroke patients 
to assess the additional benefit, if any, of the MRA sequence in the detection of intracranial atherosclerotic disease in patients 
for whom CTA had already been performed.
Methods  The radiology reports of outpatient MRIs of the brain for TIA/minor stroke patients were retrospectively reviewed 
via the hospital PACS system. Following this, the imaging report from the patient’s initial presentation to the emergency 
department was reviewed. This index imaging and subsequent MRI were compared to assess the incidence of new vascular 
findings detected on the MRA sequence in patients for whom CTA had already been performed. Where new lesions had 
been identified at follow-up, the imaging was retroactively reviewed to assess if they were present on the index imaging.
Results  Two hundred seven consecutive patients were reviewed. Significant (> 50%) intracranial atherosclerotic disease was 
present on MRA in 18 patients (8.7%). This was a new finding in 11 patients. Five had initial CTA where the atherosclerosis 
was not detected. All 5 of these cases were located in the posterior cerebral arteries. Incidental aneurysms were seen in 14 
(6.7%); 12 were a new finding at time of MRI.
Conclusion  The MRA sequence provides additional value by increasing the detection of clinically important intracranial 
atherosclerotic disease which may inform management in patients with minor stroke and TIA.
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Introduction

Advances in imaging have revolutionised the management of 
stroke and transient ischaemic attack (TIA). Patients presenting 
to the emergency department with symptoms of TIA undergo 
CT of the head to exclude intracranial haemorrhage and assess 
for early ischaemic changes. This is often accompanied by CT 
angiography (CTA) from the aortic arch to the vertex or Dop-
pler ultrasound of the neck to identify a vascular culprit which 
will inform treatment decisions. MRI is an important tool in the 
diagnostic pathway of patients with suspected minor stroke or 
TIA, as it may not only confirm the diagnosis, but also point 

to an aetiology and guide therapy [1, 2]. When investigating 
minor stroke and TIA, MRI protocols commonly employ gradi-
ent echo, diffusion-weighted, fluid sensitive and MR angiogra-
phy (MRA) sequences. Increasing the efficiency of diagnostic 
pathways for these patients is essential for prompt risk factor 
identification and appropriate management.

In this institution, we provide an early outpatient MRI 
pathway for TIA patients. The purpose of this study was to 
review the outpatient MRI of these rapid discharge TIA/stroke 
patients to assess if there was any additional benefit to the MRA 
sequence in the diagnosis of intracranial atherosclerotic disease 
(ICAD) in patients for whom CTA had already been performed.

Materials and methods

Study group

Patients who are seen in the emergency department with 
suspected TIA undergo initial imaging with non-contrast 
enhanced CT head to outrule intracranial haemorrhage. 
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This may be accompanied by CT angiography from arch 
to vertex or carotid Doppler ultrasound. These patients are 
reviewed by the stroke service and may be discharged on 
the same day with early outpatient MRI. This clinical path-
way is in place to facilitate rapid discharge with early out-
patient clinical follow-up in appropriately selected patients.

Data collection

A retrospective search of the hospital PACS was per-
formed. All outpatient MRI brains performed between 
December 2018 and April 2020 were reviewed. The 
imaging referrals were then screened to ensure only early 
discharge minor stroke and TIA pathway patients were 
included. Once these patients had been identified, the out-
patient MRI radiology report was reviewed. Specifically, 
findings pertaining to the MRA sequence were assessed. 
Time of flight intracranial (TOF) MRA was the technique 
employed for stroke protocol MRI. Following this, the 
report of the imaging from their initial presentation to 
the emergency department was reviewed. The findings at 
index CT and subsequent MRI were compared to assess 
if additional vascular findings had been identified on the 
later imaging by the TOF MRA sequence that had not been 
noted on the initial CT. Where differences existed between 
the findings reported (for example, an intracranial stenosis 
identified on the follow-up MRI but not mentioned in the 
initial CTA report), the studies were reviewed by three 
readers, a consultant radiologist with neuroradiology 
expertise and two radiology registrars in training. Discrep-
ancies were resolved by consensus. The primary outcome 
of interest was the incidence of new ICAD detected on the 
TOF MRA sequence.

Results

Over a period of 17 months, 207 consecutive patients 
were reviewed. All had an initial non-contrast CT brain 
followed by an MRI. One hundred of these patients had 
a CTA performed during their initial assessment. The 
average time from the initial presentation to outpatient 
MRI was 6 weeks. The earliest outpatient MRI took place 
2 days post-discharge and the latest 35 weeks. The findings 
on MRA are outlined in Table 1.

Atherosclerosis was seen in 39 patients. Eighteen of these 
represented significant stenoses, with luminal narrowing of 
50–99% of pre-stenotic calibre (> 50%, n = 9, > 70% n = 9). 
The remainder (21) were non-stenotic cavernous carotid ath-
erosclerosis. Of the 18 cases with significant stenoses, 12 

had a CTA initially in additional to a non-contrast CT head. 
Intracranial atherosclerotic stenoses (ICAS) were noted on 
this initial imaging in 7 of these cases, but a new lesion was 
found at MRA in 5 patients (one case noted ICAS on index 
imaging; however, a significant lesion was found elsewhere 
on later MRA which had not been identified on index CT). 
All 5 cases were located in the posterior cerebral arteries 
(PCA), examples are given in Figs. 1 and 2. These PCA 
lesions were identifiable on the index CTA when the initial 
imaging was retroactively reviewed. Six patients with ICAS 
had no prior intracranial angiography (Table 2).

Intracranial aneurysms were seen incidentally in 14 
(6.7%). Four of these patients had an initial CTA. Two of 
the aneurysms had been detected on the initial CTA, but 
in the other 2 cases, it was not seen on index imaging and 
was picked up at the time of MRA. The remaining 10 had 
no prior angiographic imaging before the MRA (Table 3).

Table 1   Findings on follow-up MRA

Findings

18 Significant intracranial atherosclerotic stenosis (ICAS) (8.6%)
   • 11 > 50% stenosis
   • 9 > 70% stenosis

Further 21 non-stenotic intracranial atherosclerotic disease (ICAD) in 
cavernous portions of the carotid arteries

14 incidental aneurysms (6.7%)
Size range: 2–7 mm

Fig. 1   MIP TOF demonstrating right PCA stenosis
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Discussion

Stroke is the second leading cause of death and the third lead-
ing cause of disability-adjusted life years lost worldwide [3]. 
Transient ischaemic attack is a recognised risk factor for stroke, 
with risk of stroke in the first 7 days post-TIA reported between 
2.1 and 8% [4–6]. Early specialist assessment and treatment 
are associated with a reduction in this risk of up to 80% [3].

The presence of ICAD has been associated with an 
increased risk of recurrent stroke and disability follow-
ing minor stroke and TIA [7–9]. Antiplatelet therapy, risk 
factor modification and lifestyle changes are the current 
standard of care for symptomatic ICAD [10]. Identifica-
tion of a vascular culprit is crucial to inform management 
decisions and symptomatic patients remain at increased 
risk of recurrent events [11], although in patients with 
asymptomatic ICAD the risk of recurrence on standard 
medical therapy is comparable to TIA patients in whom 
no ICAD is identified [12]. In this study, the overall rate of 
significant ICAD was 8.6% (n = 18); ICAD was identified 
as a new finding at follow-up in 5.3%. The prevalence of 
ICAD in this group is somewhat lower than the prevalence 
seen in larger cohorts, for example in the OXVASC group, 
where the prevalence was 17.6% or 241 of 1368 patients 
[8]. The rate of additional ICAD detection on MRA may 
be amplified in these higher prevalence settings.

In patients who have not had any interrogation of their 
intracranial vasculature, the importance of MRA is clear; 
however, almost half of these cases had undergone initial 
CT angiography. The rate of additional ICAD detection 
at time of MR was 41% in those who had a CTA (5/12). 
Increased rates of ICAD detection balanced against the 
relatively short acquisition time of the TOF intracranial 
MRA (standard acquisition time in this institution was 
4 min and 20 s) highlights the benefit of the follow-up 
TOF sequence. The inclusion of an MRA sequence in 
the MRI protocol for follow-up of suspected stroke and 
TIA provides a valuable opportunity to re-interrogate the 
intracranial vasculature.

Of note, all of the significant intracranial atherosclerotic 
stenoses that were identified at follow-up were located in 
the PCAs and were present on the index imaging when 
retroactively interrogated. A possible explanation for this 
inconsistency is that at the index presentation where CT 
is performed for suspected stroke and TIA, cases are read 
in an emergent setting or even on call. Often, inpatient 
teams are present requiring rapid assessment of the imag-
ing in order for expedient decisions to be made regarding 
management. Radiological interpretation in this context 
may be prone to “type 1 thinking”, fast intuitive inter-
pretation from experience [13]. This type of thinking 
is prone to bias, in this context perhaps satisfaction of 
search and inattention bias may be contributory which 
have been shown in one study of 1269 errors to account 
for 22% and 7% of imaging interpretation errors, respec-
tively [14]. System-related errors such as interruptions, 
reading pace, distractions, visual and mental fatigue have 
been well documented in medicine and are undoubtedly a 
major contributory factor to radiological error and reduced 
diagnostic accuracy [13, 15]. These factors are likely to be 
amplified in the emergency setting. The follow-up MRA, 

Fig. 2   MIP TOF with an example of a left PCA stenosis

Table 2   Incidence of 
atherosclerosis causing > 50% 
luminal stenosis

CTA​+ atherosclerosis was seen 
on index CTA,  CTA​− athero-
sclerosis was not detected on 
index CTA​

ICAD N = 18

MRA+ , CTA+  7
MRA+ , CTA −  5
MRA+ , no CTA​ 6

Table 3   Rate of intracranial 
aneurysm detection

CTA​ + aneurysm was seen on 
index CTA, CTA​ aneurysm was 
not detected on index CTA​

Intracranial aneurysms N = 14

MRA+ , CTA+  2
MRA+ , CTA −  2
MRA+ , no CTA​ 10
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on the other hand, takes place in outpatient setting, where 
timing is less critical, and the reading environment may 
lend itself to a calmer more analytical interpretation — 
“type 2 thinking” — perhaps accounting for some of the 
extra pick-ups. Regardless, the majority of errors in radiol-
ogy are due to underreading or “misses”, 42% in the afore-
mentioned study [14]. The use of checklists is thought to 
help alleviate this risk. This study serves as a reminder to 
ensure posterior cerebral arterial stenosis is on the TIA/
minor stroke intracranial angiogram checklist.

There are several inherent weaknesses in this study. 
Firstly, this is a retrospective study and is prone to bias. Fur-
thermore, this was undertaken in a single centre with a rela-
tively small sample size which may be under-representative 
of the total population. A study involving multiple sites and 
readers would help to determine whether these findings are 
generalizable. In addition, this study examines the findings 
on TOF MRA and CTA, which is applicable to everyday 
practice; however, the availability of a gold standard refer-
ence technique such as digital subtraction angiography would 
be preferable for confirmation of the presence of ICAD.

Overall, the results of this retrospective assessment of over 
100 patients who had undergone both CTA and MRA suggest 
that the MRA sequence, in providing an opportunity for a sec-
ond look for an important stroke risk factor, conveys additional 
benefit to the outpatient MRI in those who have had CTA.

Conclusion

The MRA component of the follow-up MRI in suspected 
TIA/stroke patients who have already had a CT angiogram 
of their intracranial vessels affords the radiologist a valuable 
opportunity for a second look at the intracranial vascula-
ture. This results in increased detection rates for significant 
ICAD, an important risk factor which can affect manage-
ment for TIA and stroke patients. The posterior cerebral 
arteries are an important check area for radiologists inter-
preting acute stroke.

Funding  Open Access funding provided by the IReL Consortium.

Data availability  NA.

Code availability  NA.

Declarations 

Ethics approval  This study was ethically approved by the institutional 
committee.

Consent to participate  NA.

Consent for publication  NA.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Wintermark M, Sanelli PC, Albers GW et al (2013) Imaging 
recommendations for acute stroke and transient ischemic attack 
patients: a joint statement by the American Society of Neurora-
diology, the American College of Radiology, and the Society of 
Neurointerventional Surgery. Am J Neuroradiol 34:E117. https://​
doi.​org/​10.​3174/​ajnr.​A3690

	 2.	 Souillard-Scemama R, Tisserand M, Calvet D et al (2015) An 
update on brain imaging in transient ischemic attack. J Neurora-
diol 42:3–11. https://​doi.​org/​10.​1016/j.​neurad.​2014.​11.​001

	 3.	 Hankey GJ (2017) Stroke Lancet 389:641–654. https://​doi.​org/​10.​
1016/​S0140-​6736(16)​30962-X

	 4.	 Amarenco P, Lavallée PC, Labreuche J et al (2016) one-year risk 
of stroke after transient ischemic attack or minor stroke. N Engl J 
Med 374:1533–1542. https://​doi.​org/​10.​1056/​NEJMo​a1412​981

	 5.	 Giles MF, Rothwell PM (2007) Risk of stroke early after transient 
ischaemic attack: a systematic review and meta-analysis. Lancet Neu-
rol 6:1063–1072. https://​doi.​org/​10.​1016/​S1474-​4422(07)​70274-0

	 6.	 Coull AJ, Lovett JK, Rothwell PM (2004) Population based study 
of early risk of stroke after transient ischaemic attack or minor 
stroke: implications for public education and organisation of ser-
vices. Br Med J 328:326–328. https://​doi.​org/​10.​1136/​bmj.​37991.​
635266.​44

	 7.	 Chen H, Pan Y, Zong L et al (2020) Cerebral small vessel disease 
or intracranial large vessel atherosclerosis may carry different risk 
for future strokes. Stroke Vasc Neurol 5:128–137. https://​doi.​org/​
10.​1136/​svn-​2019-​000305

	 8.	 Hurford R, Wolters FJ, Li L et al (2020) Prevalence, predictors, 
and prognosis of symptomatic intracranial stenosis in patients 
with transient ischaemic attack or minor stroke: a population-
based cohort study. Lancet Neurol 19:413–421. https://​doi.​org/​
10.​1016/​S1474-​4422(20)​30079-X

	 9.	 Yaghi S, Rostanski SK, Boehme AK et al (2016) Imaging param-
eters and recurrent cerebrovascular events in patients with minor 
stroke or transient ischemic attack. JAMA Neurol 73:572–578. 
https://​doi.​org/​10.​1001/​jaman​eurol.​2015.​4906

	10.	 Flusty B, de Havenon A, Prabhakaran S et al (2020) Intracra-
nial atherosclerosis treatment: past, present, and future. Stroke 
E49–53. https://​doi.​org/​10.​1161/​STROK​EAHA.​119.​028528

	11.	 Fischer U, Hsieh-Meister K, Kellner-Weldon F et al (2020) Symp-
tomatic and asymptomatic intracranial atherosclerotic stenosis: 3 
years’ prospective study. J Neurol 267:1687–1698. https://​doi.​org/​
10.​1007/​s00415-​020-​09750-2

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3174/ajnr.A3690
https://doi.org/10.3174/ajnr.A3690
https://doi.org/10.1016/j.neurad.2014.11.001
https://doi.org/10.1016/S0140-6736(16)30962-X
https://doi.org/10.1016/S0140-6736(16)30962-X
https://doi.org/10.1056/NEJMoa1412981
https://doi.org/10.1016/S1474-4422(07)70274-0
https://doi.org/10.1136/bmj.37991.635266.44
https://doi.org/10.1136/bmj.37991.635266.44
https://doi.org/10.1136/svn-2019-000305
https://doi.org/10.1136/svn-2019-000305
https://doi.org/10.1016/S1474-4422(20)30079-X
https://doi.org/10.1016/S1474-4422(20)30079-X
https://doi.org/10.1001/jamaneurol.2015.4906
https://doi.org/10.1161/STROKEAHA.119.028528
https://doi.org/10.1007/s00415-020-09750-2
https://doi.org/10.1007/s00415-020-09750-2


1399Irish Journal of Medical Science (1971 -) (2023) 192:1395–1399	

1 3

	12.	 Hurford R, Wolters FJ, Li L et al (2020) Prognosis of asymp-
tomatic intracranial stenosis in patients with transient ischemic 
attack and minor stroke. JAMA Neurol 1–8. https://​doi.​org/​10.​
1001/​jaman​eurol.​2020.​1326

	13.	 Busby LP, Courtier JL, Glastonbury CM (2018) Bias in radiology: 
the how and why of misses and misinterpretations. Radiographics 
38:236–247. https://​doi.​org/​10.​1148/​rg.​20181​70107

	14.	 Kim YW, Mansfield LT (2014) Fool me twice: delayed diagnoses 
in radiology with emphasis on perpetuated errors. Am J Roent-
genol 202:465–470. https://​doi.​org/​10.​2214/​AJR.​13.​11493

	15.	 Lee CS, Nagy PG, Weaver SJ, Newman-Toker DE (2013) Cognitive 
and system factors contributing to diagnostic errors in radiology. Am 
J Roentgenol 201:611–617. https://​doi.​org/​10.​2214/​AJR.​12.​10375

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1001/jamaneurol.2020.1326
https://doi.org/10.1001/jamaneurol.2020.1326
https://doi.org/10.1148/rg.2018170107
https://doi.org/10.2214/AJR.13.11493
https://doi.org/10.2214/AJR.12.10375

	MRA-detected intracranial atherosclerotic disease in patients with TIA and minor stroke
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study group
	Data collection

	Results
	Discussion
	Conclusion
	References


