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Preoperative CTP imaging in patients with type A
dissection and cerebral malperfusion.

CENTRAL MESSAGE

Quantitative evaluation using CT
perfusion is valuable in critical

decision making, even in patients
with cerebral malperfusion
caused by acute type A aortic
dissection.

See Commentaries on pages 196 and 198.
Video clip is available online.

It is considerably challenging to make preoperative
decisions for cerebral malperfusion caused by acute type
A aortic dissection (AAAD) based on quantitative
evaluation. Brain imaging with multimodal computed
tomography (CT) has great potential to provide
pathophysiologic information on acute ischemic stroke
(AIS) that may be relevant to treatment decisions.
Computed tomography perfusion (CTP) of the brain has
been recommended by the American Heart Association/
American Stroke Association guidelines to assess patients
eligible for thrombectomy by detecting the ischemic core
and penumbra.1 We report 2 patients who underwent
emergent central repair for AAAD after CTP, automatically
assessed by software (RApid processing of Perfusion and
Diffusion [RAPID]; IschemaView, Menlo Park, Calif) for
the quantitative evaluation of cerebral malperfusion.

This study was approved by the institutional review board
(M30-057/September 9, 2018). Individual written informed
consents for the publication of their study data were
obtained, and all authors have no conflict of interest in
this study.
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CLINICAL SUMMARY
Patient 1

A 68-year-old female patient with a history of thoracic
endovascular repair for descending aortic aneurysm
presented with dysarthria followed by loss of
consciousness. She was transferred from a community
hospital 2 hours after the onset after a definitive diagnosis
of AAAD with bilateral common carotid artery (CCA)
dissection (Figure 1, A). She had fallen into a deep coma
with stable hemodynamics, and CTP revealed massive
penumbra (735 mL) without a complete ischemic core
(Figure 1, B). Cardiopulmonary bypass was established
through the right distal axillary artery for cerebral perfusion
(Video 1) and femoral artery 3.5 hours after the onset of
AAAD. Total arch replacement with frozen elephant trunk
was performed subsequently. The amount of penumbra
dramatically improved (10 mL) immediately after surgery
(Figure 1, C). The patient recovered consciousness and lin-
guistic ability, with only right-arm monoparesis reported.
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FIGURE 1. Illustration summarizing case 1. A, Preoperative CT angiography focusing on CCA stenosis. Yellow circle points out right CCA with

decompression of true lumen. Red circle points out left CCA with decompression of true lumen. B, Preoperative CT perfusion imaging automated by

software (RAPID). Left side implies no ischemic core, and green lesion (right side) implies occupied area of penumbra. C, Postoperative CT perfusion

imaging automated by software (RAPID). Left side implies no ischemic core and green penumbra lesion (right side) dramatically decreased.CCA, Common

carotid artery; CBF, cerebral blood flow; RAPID, RApid processing of Perfusion and Diffusion.
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Patient 2
A 67-year-old female patient who was found to have

collapsed and was transferred with left hemiparesis
VIDEO 1. Explanation of CTP data and surgical strategy for patients with

acute type A aortic dissection. Video available at: https://www.jtcvs.org/

article/S2666-2507(21)00662-3/fulltext.
2 hours after last known well. She was hemodynamically
stable, Glasgow Coma Scale score was 11 (E3, V4, and
M4), and CT revealed AAAD with static obstruction of
the right CCA. CTP was also checked immediately after
whole-body CT angiography (Figure 2, A), which
revealed ischemic core (57 mL) and a high volume
(228 mL) of Tmax>10 seconds, which meant the brain
area perfused more than 10 seconds with poor brain
collaterals and that the hypoperfusion intensity ratio
(Tmax>10 seconds/Tmax>6 seconds ¼ 0.6) increased,
which meant the brain ischemia was progressing fast
(Figure 2, B). Emergency total arch replacement with
frozen elephant trunk, which revascularized right CCA
by the individual supra-aortic branch reconstruction,
was started 2.5 hours after hospital arrival. Massive
intracranial bleeding was ultimately diagnosed
postoperatively (Figure 2, C), and her neurologic status
was deteriorated to a vegetative despite the effort with
craniotomy.
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FIGURE 2. Illustration summarizing case 2. A, Preoperative CT angiography focusing on CCA stenosis. Yellow circle points out right CCAwith static

obstruction. B, Preoperative CT perfusion imaging automated by software (RAPID). Left side implies ischemic core was 57 mL and green lesion

(right side) implies occupied area of penumbra as much as 353 mL. C, Preoperative CT perfusion imaging automated by software (RAPID). Tmax

>10 seconds volumewas detected as 228 mLwith greater hypoperfusion intensity ratio as 0.6. D, Postoperative CTof the head revealed massive intracranial

hemorrhage requiring craniotomy. CCA, Common carotid artery; CBF, cerebral blood flow; RAPID, RApid processing of Perfusion and Diffusion.
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DISCUSSION
Cerebral malperfusion with AAAD has been frequently

discussed based on preoperative symptoms, which can be
fluctuating, subjective, and influenced by shock or cardiac
arrest.2,3 A consistent surgical strategy based on objective
evaluation is thus critical.

Intracranial CT angiography has been attempted to
evaluate the severity of malperfusion.4 The objective of
angiography is to reveal a lack or delay in perfusion but is
qualitative to evaluate cerebral blood flow. For quantitative
evaluation, we applied CTP, which has been approved by
guidelines to determine the treatment strategy for AIS.1

CTP imaging was performed on multidetector helical CT
scanners in cine mode. Perfusion parameters (regional
cerebral blood flow and Tmax) were automatically
computed with RAPID software using a delay-
independent deconvolution approach. Based on recent
data suggesting cerebral blood flow is more accurate than
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cerebral blood volume for defining ischemic core,
irreversible “ischemic core” was prespecified as regional
cerebral blood flow <30% of contralateral hemisphere
median. Contrary, salvageable “penumbra” was
prespecified as spital area Tmax �6 seconds. According
to these parameters, ischemic core and penumbra mismatch
map was visualized to determine the treatment strategy for
the brain. [Sup ref] Figure E1 demonstrates the example of
mismatch map.

The effectiveness of evaluating ongoing cerebral
ischemia evoked by cerebral malperfusion due to AAAD
by CTP has not been established. In patient 1, who
presented a massive penumbra without an ischemic core,
emergency central repair to restore cerebral perfusion was
justified regardless of the preoperative symptoms. In patient
2, despite the moderate severity of symptom 2 hours after
the onset, a large volume of Tmax >10 seconds with
increased hypoperfusion intensity ratio indicating an
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insufficient blood supply from the collateral artery had
suggested no necessity or contraindication of restoration
of cerebral perfusion. Olivot and colleagues5 suggested a
hypoperfusion intensity ratio >0.5 could predict infarct
growth and poor clinical outcomes. Generally, in patients
with AIS, regional cerebral blood flow<30% greater than
53 mL and/or Tmax delay of >10 seconds greater than
100 mL have been reported as the prognosis of malignant
profile [Sup ref]. According to hypoperfusion intensity ratio
and aforementioned criteria, patient 2 would be included in
the malignant profile.

Another option ligating the culprit carotid artery with
total arch replacement to minimize the burden of
reperfusion should be considered. The contrasting 2
patients presented quite similar preoperative presentations,
including age, sex, and duration from the onset to hospital
arrival except for CTP results. Further investigation must
be warranted for newmethodologies. However, quantitative
evaluation using CTP is suggested to be valuable in critical
decision-making, even in patients with cerebral
malperfusion due to AAAD.
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FIGURE E1. An example of ischemic core penumbra mismatch map automatically computed by RAPID software. CBF, Cerebral blood flow; RAPID,

RApid processing of Perfusion and Diffusion.
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