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Abstract
Background Stanford type A acute aortic dissection requires emergency surgery. Because patients with ischemic stroke 
as a complication of Stanford type A acute aortic dissection do not often complain of chest or back pain, probably due to 
consciousness disturbance, amnesia, or aphasia, a fatal course following inappropriate intravenous rt-PA therapy and delay 
of appropriate surgical treatment sometimes occur.
Review and proposed recommendations When treating any suspected stroke patients, emergency services and initial urgent 
care doctors should always suspect aortic dissection. Even in the absence of chest or back pain, the initial urgent care doc-
tor needs to immediately perform chest contrast CT if suspecting aortic dissection from blood pressure laterality or upper 
mediastinal widening on chest X-ray. Whenever aortic dissection cannot be ruled out from initial clinical information, 
the initial urgent care doctor should evaluate the common carotid artery (CCA). Dissection extension to the CCA or flow 
abnormality of the CCA is often detected if aortic dissection is a cause of ischemic stroke or transient ischemic attack. Head 
CT or MRI including vascular imaging is preferable. D-dimer should be measured in hospitals where available. As soon as 
aortic dissection is identified, the initial urgent care doctor needs to consult with cardiovascular surgeons or cardiologists 
for appropriate treatment.

Keywords Intravenous rt-PA therapy · Chest or back pain · Blood pressure laterality · Carotid ultrasonography · D-dimer

Introduction

By about 2 years after the approval of thrombolytic therapy 
with alteplase (recombinant tissue-type plasminogen activa-
tor: rt-PA) for acute ischemic stroke, 10 acute ischemic stroke 
patients as a complication of acute aortic dissection had died 
after rt-PA use, prompting the Japan Stroke Society to issue a 
warning “to evaluate the indication carefully in patients who 
may have concomitant thoracic aortic dissection or aneurysm” 
[1]. In 2008, the Japanese Journal of Stroke published a report 
regarding cautions of aortic dissection in intravenous thrombo-
lytic therapy with alteplase which proposed “to keep in mind 
the potential presence of acute aortic dissection as a cause of 
ischemic stroke”, the “importance of basic evaluations and 
observations”, “cooperation with paramedics”, “laterality of 
limb pulse palpation”, and the “usefulness of carotid ultra-
sonography” [1, 2]. Given the present state after more than 
10 years since the approval of rt-PA, we reviewed related arti-
cles and researches on acute ischemic stroke as a complication 

 * Masatoshi Koga 
 koga@ncvc.go.jp

1 Department of Cerebrovascular Medicine, National Cerebral 
and Cardiovascular Center, 5-7-1 Fujishirodai, Suita, 
Osaka 565-8565, Japan

2 Department of Neurology, The Jikei University School 
of Medicine, Tokyo, Japan

3 Department of Neurology, Kyoto Prefectural University 
of Medicine, Kyoto, Japan

4 Department of Cardiovascular Medicine, National Cerebral 
and Cardiovascular Center, Suita, Japan

5 Department of Radiology, National Cerebral 
and Cardiovascular Center, Suita, Japan

6 Department of Cardiovascular Surgery, National Cerebral 
and Cardiovascular Center, Suita, Japan

7 Department of Cardiovascular Surgery, Kyoto University, 
Kyoto, Japan

8 Department of Neurology, National Cerebral 
and Cardiovascular Center, Suita, Japan

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

http://crossmark.crossref.org/dialog/?doi=10.1007/s11748-018-0956-4&domain=pdf


440 General Thoracic and Cardiovascular Surgery (2018) 66:439–445

1 3

of Stanford type A acute aortic dissection (acute type A aor-
tic dissection: ATAAD) and proposed recommendations for 
urgent diagnosis in a review article in the Japanese Journal of 
Stroke (Japanese) [3] and updated in this review article.

Ischemic stroke as a complication 
of Stanford type A acute aortic dissection

The annual incidence of acute aortic dissection in Japan is 
approximately 3 per 100,000 population [4]. About 5000 
aortic operations for ATAAD are performed nationwide 
in Japan in 2014 [5]. ATAAD involves dissection of the 
ascending aorta and requires emergency surgery [6–16]. 
Without surgical treatment, the outcome is often fatal, with 
the mortality rate increasing by 1–2% every hour in the early 
stage of onset and reaching 50% or greater among admit-
ted patients. Depending on the extent of aortic dissection 
extension, it may cause various organ impairments and clini-
cal symptoms; about 6% of the patients have concomitant 
ischemic stroke or transient ischemic attack (TIA) due to 
extension to the cervicocerebral arteries or emboli from the 
site of dissection [6, 17]. The most classical clinical mani-
festation of ATAAD is chest or back pain; however, only 
about half of the patients with ischemic stroke have such a 
complaint [18–20], probably due to the presence of cortical 
symptoms such as amnesia or aphasia and/or consciousness 
disturbance [18]. Issues in treating patients with ischemic 
stroke as a complication of ATAAD are “fatal course follow-
ing inappropriate intravenous rt-PA therapy” and “delay of 
appropriate surgical treatment” due to a delayed diagnosis 
of aortic dissection [19–22]. The complication of ischemic 
stroke has been considered a predictor of a poor progno-
sis [11, 23]; however, with early diagnosis of ATAAD and 
appropriate surgical treatment, concomitant neurological 
symptoms have been reported to be associated with no 
increase in mortality [18, 24–26]. In ATAAD, temporary 
occlusion of the aortic arches or cervicocerebral arteries may 
occur depending on the development or extension of dissec-
tion; thus, physicians must note that neurological symptoms 
may frequently disappear or vary [27]. Moreover, patients 
may show a combination of various neurological manifes-
tations, such as hemiplegia, consciousness disturbance, 
syncope, convulsion, amnesia, spinal cord ischemia, and 
peripheral neuropathy [27].

Clinical characteristics of ischemic stroke 
as a complication of Stanford type A acute 
aortic dissection

Among 226 ATAAD patients admitted to the National Cer-
ebral and Cardiovascular Center (NCVC) between 2007 
and 2013, 23 (10%; female, 58%; 74 ± 12 years of age) 

had ischemic stroke [19]. Their clinical characteristics are 
shown in Table 1. Stroke physicians provided the initial 
care to most of the patients (91%) with ischemic stroke as 
a complication of ATAAD, with cardiologists providing 
the care to the rest of the patients (9%). Thirteen patients 
(57%) were potential candidates for intravenous rt-PA ther-
apy with alteplase in the absence of ATAAD. Diagnosis of 
ATAAD was delayed for 1 patient, who died after receiving 
the intravenous rt-PA therapy. Consciousness disturbance 
was present in 18 patients (78%), and complaints of chest or 
back pain were absent in 12 patients (52%). Common carotid 
artery occlusion or an intimal flap was detected on carotid 
ultrasonography in 18 of 20 patients (90%); high D-dimer 
level (≥ 6.9 μg/ml) [28], in 18 of 23 patients (78%); left 
hemiplegia, in 17 of 23 patients (74%); upper limb systolic 
blood pressure (SBP) laterality (≥ 20 mmHg), in 15 of 21 
patients (71%); and upper mediastinal widening on the chest 
X-ray, in 10 of 15 patients (67%).

A study of consecutive 1637 patients who came to NCVC 
for suspected stroke between January 2012 and January 2013 
found a total of 5 patients with ischemic stroke as a com-
plication of ATAAD, accounting for 0.31% of ambulance-
transported stroke-suspected patients and 1.09% of 457 acute 
ischemic stroke patients (1.70% of those with an onset-to-
door time of no more than 4 h) [20]. In all patients who had 
ischemic stroke as a complication of ATAAD, complaints of 
chest or back pain were absent, and the right upper limb SBP 
was ≤ 110 mmHg. Common carotid artery intimal flap or 
occlusion occurred in all 4 patients who underwent carotid 
ultrasonography. Two patients (40%) died immediately upon 
arrival at the center, and the other 3 patients (60%) under-
went emergency prosthetic vessel replacement, followed by 
complete independence in daily living and discharge.

A comparison between 17 consecutive patients admit-
ted to NCVC for ischemic stroke/TIA as a complication of 
ATAAD who underwent MRI/MRA between January 2009 
and December 2015 and 249 consecutive patients admit-
ted to NCVC for ischemic stroke/TIA without ATAAD who 
underwent MRI/MRA between January 2013 and December 
2013, showed that ATAAD patients had infarcts more fre-
quently in the right anterior cerebral artery (ACA) territory 
(18 vs. 2%, p = 0.007) and the right middle cerebral artery 
(MCA) territory (71 vs. 29%, p < 0.001) [29]. On the MRA 
image, the ATAAD patients more frequently had poor visu-
alization of the right internal carotid artery (ICA) (47 vs. 6%, 
p < 0.001). After adjustment for sex, age, and confounding 
factors, right ACA territory infarct (odds ratio (OR) 12.2, 
95% confidence interval (CI) 1.4–119.4), right MCA terri-
tory infarct (OR 4.9, 95% CI 1.0–25.0), and poor visualiza-
tion of the right ICA (OR 18.1, 95% CI 4.0–101.9) were 
more common in AAD patients.

A comparison between 24 consecutive patients admit-
ted to NCVC for ischemic stroke/TIA as a complication of 
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ATAAD within 4.5 h of the onset of neurological symptom 
between January 2007 and December 2014 and 812 con-
secutive patients admitted to NCVC for ischemic stroke/
TIA without ATAAD within 4.5 h of onset between Janu-
ary 2012 and December 2014 showed that a high D-dimer 
level (≥ 4.1 μg/ml, as calculated based on the receiver 
operating characteristic curve) is highly sensitive (100%; 
specificity, 86%) for detecting ATAAD and useful for 
screening, and that carotid ultrasonography is highly spe-
cific (99%; sensitivity, 84%) and can be used to aid a defin-
itive diagnosis (Table 2) [30]. Carotid ultrasonography 

showed numerous abnormal findings, particularly from the 
right (90%) common carotid artery to the internal carotid 
artery, including intimal flaps with an unthrombosed false 
lumen (50%), intimal flaps with a thrombosed false lumen 
(10%), and various occlusion patterns (30%). SBP lateral-
ity (≥ 17 mmHg, as calculated based on the receiver oper-
ating characteristic curve) and upper mediastinal widening 
on the chest X-ray were moderately sensitive and specific, 
while pericardial effusion collection on transthoracic echo-
cardiography showed poor sensitivity (Table 2) [30].

Table 1  Characteristics of 
patients with ischemic stroke as 
a complication of Stanford type 
A acute aortic dissection

Modified data from Ref. [19]
a Patients who met the criteria for intravenous rt-PA therapy except for the presence of Stanford type A 
acute aortic dissection

n = 23 (20 ischemic strokes/3 TIAs)

Age (years), mean ± SD 74 ± 12
Male, n (%) 12 (52)
Chest/back pain, n (%) 11 (48)
Clinical signs
 Consciousness disturbance, n (%) 18 (78)
 Hemiplegia, n (%) 21 (91) (right, 4/left, 17)
 Conjugate deviation, n (%) 10 (43) (right, 8/left, 2)

Head imaging examination findings
 Right internal carotid region, n (%) 9 (39)
 Left internal carotid region, n (%) 1 (4)
 Vertebrobasilar arterial region, n 0
 2 or more vascular regions, n (%) 3 (13)

Extension of dissection
 Aortic arch, n (%) 23 (100)
 Brachiocephalic artery, n (%) 23 (100)
 Right common carotid artery, n (%) 19 (83)
 Left common carotid artery, n (%) 12 (52)
 Left subclavian artery, n (%) 7 (23)

Median onset-to-door time (quartile) (h) 2 (1–3)
Intravenous rt-PA therapy  candidatea 13 (57%), 1 (rt-PA therapy)

Table 2  Evaluations and tests to detect Stanford type A acute aortic dissection

Modified data from Ref. [30]
AUC  area under the curve, NPV negative predictive value, PPV positive predictive value

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC 

Upper limb SBP laterality ≥ 17 mmHg 80 75 9 99 0.82
D-dimmer ≥ 4.1 μg/ml 100 86 18 100 0.97
Upper mediastinal ratio ≥ 0.32 on chest X-ray 75 76 9 99 0.80
Common carotid arterial dissection or pattern of blood flow occlu-

sion on carotid ultrasonography
84 99 80 100 0.92

Pericardial effusion collection on transthoracic echocardiography 43 100 83 98 0.72
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Nationwide questionnaire survey

A nationwide web questionnaire survey (sent in October 
2015) of 1517 facilities with which a stroke specialist, car-
diologist, critical care physician, or cardiovascular surgeon 
was affiliated was conducted [3]. Responses were received 
from 527 physicians responsible for treating acute aortic 
dissection (35%) and 545 physicians responsible for treat-
ing stroke (36%). Twenty-eight facilities (5.2%) indicated 
in their responses that their emergency service activity 
protocol includes hospital selection with consideration 
given to the potential presence of ATAAD in suspected 
stroke patients (e.g., history taking that includes chest or 
back pain and evaluation of blood pressure laterality). A 
total of 430 facilities (82%) treated 1 or more ATAAD 
patients (median 6, quartile 3–12) in the past year, and 
the median number of patients with concomitant ischemic 
stroke was 1 (0–2), indicating that such morbidity was 
not rare. The most common clinical department that pro-
vided the initial care to “ischemic stroke as a complica-
tion of ATAAD” (multiple answers allowed) was neuro-
surgery (511 physicians), followed by emergency (495 
physicians), cardiology (373 physicians), neurology (306 
physicians), and cardiovascular surgery (154 physicians), 
with the so-called stroke physicians accounting for about 
half of the respondents (43% overall). Fourteen patients 
with “ischemic stroke as a complication of ATAAD” in 
13 facilities (2.4%) received intravenous rt-PA therapy 
with alteplase, and 5 (36%) died during the acute phase. 
The most common screening test for ATAAD was contrast 
CT (94%), followed by chest X-ray (61%), transthoracic 
echocardiography (59%), and D-dimer (47%). Carotid 
ultrasonography was seldom used (8%). The frequency 
of examinations for acute management of ischemic stroke 
patients was 94% for chest X-ray, 46% for bilateral upper 
limb blood pressure measurement, 26% for carotid ultra-
sonography, and 24% for transthoracic echocardiography. 
Among the respondents, 88.8% indicated good cooperation 
between the initial response department and the cardiovas-
cular surgery department, and 11.2% indicated a limited or 
poor cooperation with cardiovascular surgery department.

Questionnaire survey of paramedics

Devising a pre-transport emergency medical care plan 
may lead to the selection of an appropriate hospital 
and appropriate post-transport emergency medical care 
for patients with “ischemic stroke as a complication of 
ATAAD”. To find out what evaluations or actions could be 
performed when transporting suspected stroke patients, a 

questionnaire survey of 154 paramedics who participated 
in a skill-up lecture (September 2016) by NCVC was con-
ducted [3]. The mean length of experience as a paramedic 
was 8.5 ± 7.7 years, 60% qualified as an emergency life-
saving technician, and 73% had experience in transport-
ing patients with ATAAD by ambulance. To the question 
of what evaluations or actions could be performed before 
transporting patients to a hospital, 83% (87%) (percentages 
of paramedics with more than 1 year of experience are 
in parentheses) of the respondents selected “to check for 
the presence/absence of chest or back pain”; 90% (94%), 
“to investigate radial arterial pulse laterality”; 89% (94%), 
“to measure bilateral upper limb blood pressures”; 96% 
(99%), “to investigate presence/absence of consciousness 
disturbance or the level of consciousness”; 90% (95%), “to 
investigate presence/absence of changes in consciousness 
disturbance”; and 84% (88%), “to transport the patient to a 
medical facility capable of diagnosis and treatment of both 
stroke and ATAAD”. In particular, nearly 90% of paramed-
ics with more than 1 year of experience responded that 
they can perform all of the procedures described above 
before transporting patients to a hospital.

To urgently diagnose ischemic stroke 
as a complication of Stanford type A acute 
aortic dissection

The nationwide questionnaire survey showed that the inci-
dence of a fatal course following intravenous rt-PA ther-
apy may not have decreased even after more than 10 years 
since the approval of rt-PA. We propose the “Guidelines for 
Urgent Diagnosis of Ischemic Stroke as a Complication of 
ATAAD” shown in Fig. 1 based on available reports, clini-
cal characteristics, and results from the questionnaire survey 
of facilities across Japan and the questionnaire survey of 
paramedics.

Step 1 When triaging suspected stroke patients, para-
medics should suspect ATAAD and take the following 
recommended actions: check for the presence/absence of 
chest or back pain, investigate radial arterial pulse lateral-
ity, and investigate the presence/absence of changes in con-
sciousness disturbance. If pulse laterality is present, and the 
SBP laterality is ≥ 20 mmHg or the right upper limb SBP 
is ≤ 110 mmHg based on the simultaneous measurement 
of bilateral blood pressures, ATAAD should be suspected. 
When the presence of ATAAD is suspected, paramedics 
should consider transporting the patient to a medical facil-
ity able to diagnose and treat both ATAAD and stroke. The 
involvement by paramedics in nationwide web questionnaire 
surveys is still rare, and there has been no investigation into 
whether pre-hospital activities are useful in detecting this 
morbidity. Nevertheless, the earliest possible diagnosis of 
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this condition greatly impacts the outcome, and the active 
involvement of paramedics may lead to an appropriate 
choice of hospital and post-transport critical care.

Step 2 When examining suspected stroke patients, initial-
care physicians (approximately half of them are stroke phy-
sicians) at a receiving medical facility must keep in mind 
the potential presence of ATAAD. Confirming the presence/
absence of chest or back pain, simultaneous measurement 
of bilateral upper limb blood pressures, and chest X-ray are 
essential to assess whether ATAAD is suspected. When 
performing essential evaluations and observations, initial-
care physicians should keep in mind the presence of such a 
condition in approximately 1 of 60 ischemic stroke patients 
(1.7%) with an onset-to-door time of no more than 4 h. If 
ATAAD is suspected based on history taking and examina-
tion findings, the patient should promptly undergo a head 
CT (or MRI/MRA) and a contrast chest CT (in some cases, 
prioritize contrast chest CT) examinations. Stabilizing the 
general condition should be a priority if the patient is in a 
state of shock or has an unstable general condition.

Step 3 In cases where ATAAD cannot be ruled out, such 
as when chest or back pain cannot be confirmed due to con-
sciousness disturbance, amnesia, or aphasia, when changes 
in the consciousness level or other neurological signs are 

present during the emergency room examination, or when 
the patient shows a combination of various neurological 
manifestations such as hemiplegia, consciousness distur-
bance, syncope, convulsion, amnesia, spinal cord ischemia, 
and peripheral neuropathy, initial-care physicians must per-
form an evaluation of the common carotid arteries. While 
the choice of imaging study is dependent on the availability 
at each facility, carotid ultrasonography is the fastest and 
simplest examination. Other non or minimally invasive 
tests include MRA and contrast CT. In most patients with 
ischemic stroke or transient ischemic attack, ultrasonography 
can detect the direct extension of the aortic dissection to the 
common carotid artery (commonly, the right side) or blood 
flow obstruction (commonly, pattern of occluded blood flow) 
due to obstruction of blood flow to cervicocerebral arter-
ies by the aortic dissection. The accuracy of a diagnosis 
on carotid ultrasonography performed by an inexperienced 
technician or physician may not necessarily be high; thus, it 
is recommended that a technician or physician experienced 
in evaluating carotid lesions perform the procedure. It is also 
recommended that head CT or MRI include an evaluation 
of the intracranial vessels by computed tomography angi-
ography (CTA) or MRA. Contrast CT allows an evaluation 
of the region from the aortic arch to the neck and the head 

Fig. 1  The four-step guidelines for urgent diagnosis of ischemic stroke caused by Stanford type A acute aortic dissection
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in a single exposure. Evaluate the D-dimer level if the test 
is available at the facility. In cases where ATAAD is sus-
pected based on history taking, examination findings, results 
of imaging studies including cervicocerebral arteries, and/
or a D-dimer level ≥ 4.1 μg/ml, the patient should undergo 
contrast chest CT examination promptly.

Step 4 Upon the diagnosis of ATAAD, promptly consult 
with a specialty practice department, such as the cardiovas-
cular surgery or the cardiology department, to decide on an 
appropriate treatment plan.

Conclusions

Acute stroke requires urgent care; it is often a race against 
time to initiate treatment. As such, initial-care physicians 
must constantly keep in mind that approximately 1.7% of 
suspected stroke patients have ATAAD. To avoid inap-
propriate intravenous rt-PA therapy and to initiate surgical 
treatment as soon as possible, perform a contrast chest CT 
examination immediately when ATAAD is suspected based 
on the presence of chest or back pain, blood pressure later-
ality, and/or upper mediastinal widening. If ATAAD can-
not be ruled out, perform an imaging study including the 
common carotid arteries, and measure the D-dimer level; if 
ATAAD is suspected, perform a contrast CT examination. 
The proposed guidelines still need to undergo clinical evalu-
ations to verify its effectiveness. We sincerely hope that the 
establishment of appropriate treatment guidelines will lead 
to improved outcomes for patients with ischemic stroke as a 
complication of ATAAD.
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