
of May 21, 2025.
This information is current as

Perfusion Reconstruction Algorithm
Predict Final Infarct Volume: The Simple 
Dynamic CTA-Derived Perfusion Maps

d'Esterre and P.A. Barber
Menon, A.M. Demchuk, M.D. Hill, N.D. Forkert, C.D. 
C.C. McDougall, L. Chan, S. Sachan, J. Guo, R.G. Sah, B.K.

http://www.ajnr.org/content/41/11/2034
https://doi.org/10.3174/ajnr.A6783doi: 

2020, 41 (11) 2034-2040AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57948&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn_pdf_1872x240_may25
https://doi.org/10.3174/ajnr.A6783
http://www.ajnr.org/content/41/11/2034


ORIGINAL RESEARCH
ADULT BRAIN

Dynamic CTA-Derived Perfusion Maps Predict Final Infarct
Volume: The Simple Perfusion Reconstruction Algorithm

C.C. McDougall, L. Chan, S. Sachan, J. Guo, R.G. Sah, B.K. Menon, A.M. Demchuk, M.D. Hill, N.D. Forkert,
C.D. d’Esterre, and P.A. Barber

ABSTRACT

BACKGROUND AND PURPOSE: Infarct core volume measurement using CTP (CT perfusion) is a mainstay paradigm for stroke treat-
ment decision-making. Yet, there are several downfalls with cine CTP technology that can be overcome by adopting the simple
perfusion reconstruction algorithm (SPIRAL) derived from multiphase CTA. We compare SPIRAL with CTP parameters for the pre-
diction of 24-hour infarction.

MATERIALS AND METHODS: Seventy-two patients had admission NCCT, multiphase CTA, CTP, and 24-hour DWI. All patients had
successful/quality reperfusion. Patient-level and cohort-level receiver operator characteristic curves were generated to determine
accuracy. A 10-fold cross-validation was performed on the cohort-level data. Infarct core volume was compared for SPIRAL, CTP–
time-to-maximum, and final DWI by Bland-Altman analysis.

RESULTS:When we compared the accuracy in patients with early and late reperfusion for cortical GM and WM, there was no sig-
nificant difference at the patient level (0.83 versus 0.84, respectively), cohort level (0.82 versus 0.81, respectively), or the cross-vali-
dation (0.77 versus 0.74, respectively). In the patient-level receiver operating characteristic analysis, the SPIRAL map had a slightly
higher, though nonsignificant (P, .05), average receiver operating characteristic area under the curve (cortical GM/WM, r¼ 0.82;
basal ganglia ¼ 0.79, respectively) than both the CTP–time-to-maximum (cortical GM/WM ¼ 0.82; basal ganglia ¼ 0.78, respec-
tively) and CTP-CBF (cortical GM/WM ¼ 0.74; basal ganglia ¼ 0.78, respectively) parameter maps. The same relationship was
observed at the cohort level. The Bland-Altman plot limits of agreement for SPIRAL and time-to-maximum infarct volume were
similar compared with 24-hour DWI.

CONCLUSIONS: We have shown that perfusion maps generated from a temporally sampled helical CTA are an accurate surrogate
for infarct core.

ABBREVIATIONS: AUC ¼ area under the curve; EVT ¼ endovascular therapy; mCTA ¼ multiphase CTA; ROC ¼ receiver operating characteristic; SPIRAL ¼
simple perfusion reconstruction algorithm; Tmax ¼ time-to-maximum

Endovascular therapy (EVT) for acute ischemic stroke can lead
to remarkable results for improving stroke outcome.1-3 The

emphasis on fast treatment decisions for patients with acute is-
chemic stroke requires simple, quick, and accurate neuroimaging
of patients for detection of early ischemic changes. Additionally,
image-processing software that can provide this information
should be preferably inexpensive and easily accessible to all stroke

centers, both primary and comprehensive, around the world. CT is
the most commonly used and practical imaging technique for
assessing patients with acute stroke, but sensitivity and reliability
are only modest, even in the hands of stroke specialists. Software
systems, including perfusion analysis, to identify ischemic tissue
using advanced imaging paradigms are now recommended by the
American Stroke Association and have been used successfully in
several clinical trials, including selection of patients for EVT up to
24hours after stroke.4-6Received April 21, 2020; accepted after revision July 7.
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Infarct core volume measurement using CTP at patient admis-
sion is the mainstay for stroke-treatment decision-making.4,6,7 CTP
improves the detection of ischemia, contributing to the improved
accuracy for stroke diagnosis.8 Also, there are several potential
downfalls with cine CTP technology, which include increased radia-
tion dose to the patient; an extra bolus of CT contrast agent, which
could cause renal complications; the additional time to acquire and
process the perfusion data; the requirement of expensive software
and licenses; the lack of standardization across vendor platforms;
and limited craniocaudal coverage, to name a few. Therefore, there
is a pressing need to improve the accessibility and practicality of
brain perfusion imaging while maintaining the diagnostic and prog-
nostic accuracy for radiologic outcome (final infarct volume).

The simple perfusion reconstruction algorithm (SPIRAL)
described in this article is a method for analyzing low-temporal-re-
solution, contrast-enhanced, spiral/helical CT brain scans to obtain
perfusion parameter maps of the brain, providing perfusion maps
comparable with a cine CTP acquisition for predicting infarct core.
Using a group of patients undergoing endovascular treatment with
successful reperfusion, we sought to determine the accuracy of
SPIRAL perfusion and CT perfusion images for follow-up of infarc-
tion confirmed on 24- to 48-hour diffusion-weighted MR imaging.

MATERIALS AND METHODS
Patients
A post hoc analysis was performed using data from the Measuring
Collaterals With Multi-phase CT Angiography in Patients With
Ischemic Stroke (PRove-IT) and Endovascular Treatment for Small
Core and Proximal Occlusion Ischemic Stroke (ESCAPE) studies
from the Calgary Stroke Program.1,9 Patients with acute ischemic
stroke were included in the study if they presented within 12hours
from last seen healthy. Inclusion criteria for the present study were
as follows: 1) older than 18years of age; 2) known symptom-onset
time; 3) any occlusion of the anterior circulation, which could be
targeted for EVT; 4) successful reperfusion assessed by digital sub-
traction angiography at end of the EVT; and 5) next-day follow-up
DWI between 2 and 48hours of admission. A modified TICI score
of 2b or 3 was considered successful reperfusion.1,2 Demographic
and clinical characteristics, medical history, and any relevant work-
flow time intervals were collected prospectively. The study was
approved by the local ethics board of The University of Calgary.

Image Acquisition
At admission, all patients had a standard NCCT scan (5-mm sec-
tion thickness), a head/neck multiphase CTA (mCTA), and cine
CTP with a craniocaudal coverage of 8 cm. The mCTA acquisition
has been described previously.9 Briefly, 80mL of an iodinated con-
trast agent was injected at a rate of 5mL/s followed by a saline flush
of 50mL at 6mL/s. For the first phase (7 seconds), the aortic arch-
to-vertex helical scan was timed to be in the peak arterial phase by
triggering the scan with contrast bolus tracking. The second phase
was acquired after a delay of 4 seconds, allowing the table to reposi-
tion to the skull base. Scan duration for the next 2 additional phases
was 3.4 seconds. Images were reconstructed into 0.625-mm section
thickness. For the cine CTP protocol, 45mL of CT contrast agent
(ioversol, Optiray 320; Mallinckrodt) was power-injected at 4.5mL/
s followed by a saline chase of 40mL at 6mL/s. Sections of 8-cm

thickness were acquired at 5-mm section thickness. Scanning began
after a delay of 5 seconds from contrast injection in up to 2 phases
(scanning intervals): the first phase every 2.8 seconds for 60 seconds
and an additional second phase every 15 seconds for 90 seconds
(total scan time¼ 150 seconds).

Between 24 and 48 hours of treatment, a clinical DWI scan
was acquired using 3T MR imaging (Signa VH/i; GE Healthcare)
(flip angle ¼ 90°, single-shot echo-planar sequence, b ¼ 0
s/mm�2 and isotropic b ¼ 1000 s/mm�2, TR ¼ 9000ms, TE ¼
minimum [80–90ms], FOV ¼ 240mm, section thickness ¼
5.0mm with a 0- or 2-mm gap).

Image Processing
SPIRAL Perfusion Functional Map Processing. To generate SPIRAL
functional images, we registered each phase of the mCTA to the
NCCT using a rigid registration. The NCCT was used to determine
the baseline Hounsfield unit for each region of the brain in a respec-
tive patient. The dynamic series generated from the NCCT and
mCTA was postprocessed with the following steps: 1) The skull and
ventricles were removed using per-patient Hounsfield unit thresh-
olds on the NCCT (ventricles = 0–12 HU, skull. 60 HU). Time-
attenuation curves were created for each voxel after subtraction of
the baseline NCCT Hounsfield unit values, a normalization tech-
nique common in perfusion processing.7 Deconvolution and non-
deconvolution approaches were used to generate functional maps
of TTP or T0 (time to peak of impulse residue function), CBF,
MTT, and CBV.7,10 Singular-value decomposition deconvolution
was performed for each tissue voxel after selection of an arterial
input function from the internal carotid artery.7 For the nondecon-
volution approach, we created 5 hemodynamic functional maps: 1)
TTP ¼ the mCTA phase with the highest magnitude Hounsfield
unit; 2) phase 1 blood flow ¼ the slope of the first and second
Hounsfield unit magnitudes from the mCTA; 3) phase 2 blood
flow ¼ the slope of the second and third Hounsfield unit magni-
tudes from the mCTA; 4) flow average¼ the average of 2 and 3; 5)
blood volume ¼ integral of the of time-attenuation curves. For all
deconvolution and nondeconvolution functional maps, collinearity
was determined with a variance inflation factor; any metric with a
variance inflation factor of .4 was removed from the analysis. A
backward stepwise logistic regression model was trained using the
remaining functional maps to create the SPIRAL functional map.
The logistic regression coefficients were varied inside an exponen-
tial function to iteratively evaluate the discriminatory ability of the
model to distinguish infarction and noninfarction at a voxel-level.
The equation that is fit to the data is shown below:

P ¼ 1
1þ e� ðA þ BX þ CY þ DZ þ EWÞ ;

where P is the probability of a binomial outcome (between 0 and
1), A is a scaling constant, X and B are the TTP map and the cor-
responding coefficient, Y and C are the CBF map and the corre-
sponding coefficient, Z and D are the MTT map and the
corresponding coefficient, and E and W are the deconvoluted T0
map and associated coefficient.

Perfusion Functional Map Processing. In a subset of 40 patients,
CTP functional maps were processed by an expert (C.D.d.E.)
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using commercially available deconvolution software (CT Perfusion
4D; GE Healthcare). For each study, the arterial input function was
manually selected from the basilar artery or contralateral ICA using
a 2 voxel� 2 voxel (in-section) ROI. For all arterial input functions,
baseline-to-peak height Hounsfield unit differences matched those
from the respective sagittal sinus. Absolute maps of cerebral blood
flow [mL � min�1 · (100 g)�1] � MTT (seconds) start time of the
impulse residue function (ie, delay of the tissue time-density curve
with respect to the arterial input function) (T0; second) and time-to-
maximum (Tmax)¼ Toþ 0.5�MTT (seconds) were calculated by
deconvolution of tissue time-density curves and the arterial input
function using a delay-insensitive algorithm (CT Perfusion 4D).
Average maps were created by averaging the serial (dynamic) CTP
images over the duration of the first pass of contrast; these average
maps have suitable anatomic detail for gray/white matter segmenta-
tion and as the source image for registration with follow-up imaging.
In-plane patient motion was corrected in the x-/y-axis using auto-
mated software (CT Perfusion 4D), and in cases with extreme
motion, time points were manually removed as needed.9

Perfusion Parameter Map Registration. All perfusion parameter
maps generated from the mCTA and CT perfusion studies,
respectively, were registered to the follow-up DWI dataset.
Therefore, the optimal rigid transformation was computed
between the follow-up DWI and average CTP or NCCT dataset,
respectively, using the mutual-information image-similarity met-
ric within a multiresolution approach.11,12 The resulting transfor-
mations were then used to transform the perfusion parameter
maps to the follow-up DWI dataset using linear interpolation.

Infarct Segmentation and Perfusion Data Extraction. Delineation
of the follow-up infarct volume (ROI-1) was performed on the
follow-up DWI by applying a single standardized intensity.13 A
noninfarct ROI (ROI-2) encompassed any brain tissue outside
ROI-1, including voxels from the contralateral hemisphere.
Subcortical structures (ie, basal ganglia, including the caudate,
lentiform, and internal capsule) were manually segmented and
analyzed separately from cortical gray/white matter.

Histograms were generated for all ROI-1 and ROI-2 segmen-
tations, respectively, from the SPIRAL perfusion image and CTP
Tmax and CBF maps because these maps have been previously
shown by the authors to have the highest accuracy for final in-
farction.7 Patient-level histograms from ROI-1 and -2 were amal-
gamated to create a single “all patient” ROI-1 and ROI-2 to
perform a cohort-level analysis.

An additional analysis was undertaken to evaluate the effect of
lesion size on the SPIRAL lesion-detection method described. Lesions
at different size intervals were chosen, while larger or smaller lesions
were eliminated from the analysis. This interval mean was shifted
from 0.015 to 1000mL, with the upper and lower bounds on the
interval being 10% of the mean (ie, 100 -mL mean, 90- to 110-mL
interval). This analysis was completed to determine whether smaller
petechial lesions were not identified by the SPIRAL algorithm.

Statistical Analysis
Clinical data were summarized using standard descriptive statis-
tics. We performed a patient-level analysis and cohort-level

analysis using receiver operating characteristic (ROC) curve anal-
ysis. At the patient level, the area under the ROC curve was deter-
mined (area under the curve [AUC]) for each patient. At the
cohort level, an AUC-ROC was determined for all infarct voxels
and noninfarct voxels from all patients in an amalgamated histo-
gram. The Youden method was used to determine these optimal
thresholds most associated with follow-up MR imaging infarct
volume along with respective sensitivities and specificities for
each threshold.14 AUC values were compared between SPIRAL
and CTP-CBF and Tmax maps. Bland-Altman plots were created
to compare SPIRAL, CTP Tmax, and follow-up DWI lesion vol-
umes using the model/thresholds derived in the cohort-level
analysis of 40 patients with both mCTA and CTP acquisitions.
Tmax thresholds were 15.2 and 13.7 seconds for GM/WM and
the basal ganglia, respectively. Agreement between the SPIRAL
and Tmax infarct volume and follow-up DWI infarct volume was
tested by calculating the systematic error (bias) and the 95% lim-
its of agreement, defined as the bias6 1.96 SDs of the individual
differences.15

We also performed a 10-fold cross-validation for the SPIRAL
map (derived from our logistic regression). The analysis was per-
formed on the cohort-level histograms using a 10-fold cross-vali-
dation to assess the performance and consistency of the SPIRAL
map. Each training set formed 90%, with replacement, of the total
population and trained the ROC analysis to determine an optimal
threshold. That threshold was then applied to the remaining 10%
of the total population to assess sensitivity, specificity, AUC, and
the optimal threshold. This process was completed 10 times to
determine a mean and SD in each of the above metrics.

A 2-sided P value, .05 was considered as statistically signifi-
cant for all statistical tests. All analyses were performed using R
(Version 3.2.1; http://www.r-project.org/), STATA (Version13,
StataCorp), and Matlab (R2015a, Version 8.5, MathWorks) statis-
tical packages.

RESULTS
Of a total of 80 patients satisfying study inclusion/exclusion crite-
ria, 72 were included in the study. Some patients (n=8) had inad-
equate registration results due to severe motion in one of the
NCCT or mCTA series. Clinical demographics are summarized
in Table 1. Median DWI volume was 12 mL (interquartile range,
2.2–41.8 mL). The optimal SPIRAL functional map derived from
the logistic regression was generated from the deconvolution T0
and nondeconvolution TTP, CBF, and MTT. This SPIRAL func-
tional map was used in the patient- and cohort-level analyses as
well the cross-validation analysis.

If we compared the ROC-AUC in patients with early and late
reperfusion for cortical gray matter þ white matter infarction,
there was no significant difference at the patient-level (0.83 versus
0.84, respectively), cohort-level (0.82 versus 0.81, respectively), or
the cross-validation (0.77 versus 0.74, respectively) (Table 2).
When we compared the ROC-AUC in patients with early and
late reperfusion for basal ganglia infarction, there was no signifi-
cant difference at the patient-level (0.82 versus 0.84, respectively),
cohort-level (0.81 versus 0.80, respectively), or the cross-valida-
tion (0.82 versus 0.78, respectively) (Table 3).
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In the patient-level ROC analysis,
the SPIRAL map had a slightly higher,
though nonsignificant (P , .05), aver-
age ROC-AUC (cortical GM/WM ¼
0.83; basal ganglia ¼ 0.79, respectively)
than both the CTP Tmax (cortical GM/
WM ¼ 0.82; basal ganglia ¼ 0.78,
respectively) and CTP-CBF (cortical
GM/white matter¼ 0.74; basal gang-
lia ¼ 0.78, respectively) parameter
maps. The same relationship was
observed at the cohort level (Table 4).

Bland-Altman plots display the
mean difference from zero and limits
of agreement (2 SDs) to compare the
SPIRAL and CTP Tmax infarct vol-
ume and follow-up DWI infarct vol-
ume (Fig 1). The Bland-Altman plots
for SPIRAL and CTP Tmax infarct
core volume show that the bias of
agreement was similar when compar-
ing the 2 techniques. Similar agree-
ment was observed for the SPIRAL
and GE-CTP Tmax infarct core vol-
ume with 24-hour DWI infarct vol-
ume: The SPIRAL and Tmax map
(cortical GM/WM) infarct core

Table 2: ROC curve AUC for SPIRAL map, stratified by CT-to-reperfusion time for cortical gray and white matter tissue

Statistic
AUC, Patient

Level
AUC, Cohort

Level
Cross-Validation

Sensitivity
Cross-Validation

Specificity
Cross-Validation

Accuracy
Early reperfusion, ,90
minutes
(n¼ 48 patients)

Mean 0.83 0.82 0.82 0.72 0.77
SD 0.14 NA 0.06 0.03 0.06

Late reperfusion, .90
minutes
(n¼ 24 patients)

Mean 0.84 0.81 0.79 0.70 0.74
SD 0.11 NA 0.08 0.06 0.07

Note:—NA indicates not applicable.

Table 3: ROC curve AUC for SPIRAL map, stratified by CT-to-reperfusion time for basal ganglia regions

Statistic
AUC, Patient

Level
AUC, Cohort

Level
Cross-Validation

Sensitivity
Cross-Validation

Specificity
Cross-Validation

Accuracy
Early reperfusion, .90 minutes

(21 patients)
Mean 0.82 0.81 0.82 0.81 0.82
SD 0.11 NA 0.05 0.06 0.06

Late reperfusion, ,90 minutes
(7 patients)
Mean 0.84 0.80 0.86 0.71 0.78
SD 0.1 NA 0.08 0.09 0.09

Note:—NA indicates not applicable.

Table 1: Admission demographics, site of occlusion, and workflow metrics
Variables Total (n5 72 Patients)

Age (median) (minimum-maximum) (yr) 68 (32–89)
Men (No.) (%) 37 (51.4)
Stroke on awakening (No.) (%) 27 (46.6)
Site of occlusion (No.) (%)
MCA 29 (40.3)
ACA 3 (4.0)
ICA 16 (22.2)
Tandem 5 (6.9)

Affected hemisphere (No.) (%)
Right 30 (41.7)
Left 39 (54.2)

Coronary artery disease (No.) (%) 12 (16.7)
Congestive heart failure (No.) (%) 6 (8.3)
Valvular disease (No.) (%) 2 (3.4)
Hypertension (No.) (%) 38 (52.8)
Dyslipidemia (No.) (%) 24 (33.3)
Diabetes (No.) (%) 1 (1.4)
Smoking (No.) (%) 20 (27.8)
Statin (No.) (%) 22 (37.9)
EVT treatment (No.) (%) 72 (100)
tPA (alteplase) treatment (No.) (%) 55 (76)
Reperfusion (TICI 2b/3) (No.) (%) 72 (100)
Blood glucose (median) (minimum-maximum) (mmol) 6 (4.4–20.0)
NIHSS baseline (median) (minimum-maximum) 17 (1–29)
NIHSS 24 hours (median) (minimum-maximum) 6 (0–24)
MR spectroscopy baseline (median) (minimum-maximum) 0 (0–3)
MR spectroscopy (median) (minimum-maximum) (90 days) 2 (0–6)
CT to reperfusion time (median) (minimum-maximum) (hh:mm) 1:28 (0:27–3:06)

Note:—hh:mm indicates hours: minutes; ACA, anterior cerebral artery.
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volume mean difference was �3.7 cm3 (1.96 SDs: �44�37 cm3);
the SPIRAL and Tmax (basal ganglia) infarct core volume mean
difference was 9.6 cm3 (1.96 SDs: �19�38 cm3). Finally, the
SPIRAL infarct core volume (cortical GM/WM) and 24-hour
DWI volume mean difference was 2.1 cm3 (1.96 SDs: �36–
40 cm3) ; the SPIRAL infarct core volume (basal ganglia) and 24-

hour DWI volume mean difference
was 13 cm3 (1.96 SDs:�34�60 cm3).

The SPIRAL map was less accurate
in detecting smaller lesions (1�10 mL)
while equally as accurate in identifying
larger lesions (.100 mL) compared
with CTP (Fig 2).

DISCUSSION
Perfusion from low temporally sampled
contrast-enhanced imaging has been
previously shown in a seminal article by
Heinz et al,16 in 1979. Similarly, we
have shown that perfusion parameter
maps can be successfully generated
from a temporally sampled helical
CTA, potentially obviating the need for
an additional cine CTP scan in the
future. The accuracy, sensitivity, and
specificity for follow-up infarct volume
is similar to reported values from the
CTP literature and the current CTP
paradigm available at the authors’ insti-
tution.7 Bland-Altman plots showed
good agreement between SPIRAL and
CTP infarct core volume and for
SPIRAL and CTP comparisons with
24-hour DWI follow-up for cortical
gray/white matter. The limits of agree-
ment for SPIRAL and CTP Tmax
infarct volume were greater for the ba-
sal ganglia threshold. In support of our
conclusions from this study, we have
recently shown that perfusion measured
on mCTA source images can better
predict follow-up infarction (quantified
by the ASPECTS) and clinical outcomes
compared with NCCT and mCTA-
rLMC (regional leptomeningeal collat-
eral) (pial collateral scoring), the cur-
rent paradigm used by the Calgary
Stroke Program.17,18 Furthermore, the
NCCT and CTA collateral score for
stroke decision-making requires expert
interpretation, contributing diagnostic
uncertainty among nonexperts.19,20 We
now provide an objective, easy-to-inter-
pret, inexpensive, and time-sensitive
imaging paradigm to characterize the
ischemic lesion at admission with

SPIRAL. Figure 3 provides 3 case study examples of SPIRAL versus
CTP Tmax functional maps.

Critical to improving patient outcome in patients with acute
stroke is fast treatment, high diagnostic accuracy, and confi-
dence among nonexpert physicians because outcomes of
patients with stroke are heavily dependent on these factors.

Table 4: ROC curve AUC for SPIRAL map comparison with cine CTP maps for a
40-patient subcohort

Statistic
Cortical GM and White

Matter (WM) Basal Ganglia
SPIRAL map
AUC, patient level (mean) (SD) 0.83 (0.14) 0.79 (0.08)
AUC, cohort level (mean) 0.82 0.80

CTP T-max map
AUC, patient level 0.82 (0.13) 0.78 (0.11)
AUC, cohort level 0.81 0.74

CTP blood flow map
AUC, patient level 0.74 (0.14) 0.78 (0.09)
AUC, cohort level 0.72 0.77

FIG 1. Bland-Altman plots for SPIRAL infarct volume (milliliters) (A) and Tmax infarct volume
(milliliters) in cortical gray matter/white matter (i) and basal ganglia (ii). SPIRAL infarct volume
(milliliters) (B) and follow-up DWI infarct volume (milliliters) in the cortical gray matter/white mat-
ter (i) and basal ganglia (ii). C, Tmax infarct volume and follow-up DWI infarct volume in cortical
gray matter/white matter (i) and basal ganglia (ii).
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Brain imaging plays a key role in decision-making that has
required expert interpretation,9,21-28 but among nonstroke
experts, it is a major cause for treatment delays.19,29 CTA is
required to identify large-vessel occlusion that may be amenable
to removal via EVT. Canadian guidelines strongly recommend
the use of CTP to select patients with acute ischemic stroke for
EVT in the late time window (6–24 hours after symptom
onset).30 CTP also has the advantage of improving diagnostic
accuracy for the identification of ischemic stroke.31 Although,
CTP is a required technique for all Comprehensive Stroke
Centers, CTP has significant limitations: It requires separate
image acquisition and postprocessing (delaying treatment),
another contrast injection (increasing risk of acute nephropa-
thy), and additional exposure to ionizing radiation. Finally,

CTP has not been widely adopted in rural stroke centers.9,32 In
this study, we have shown that SPIRAL functional maps can
accurately identify infarct core. In its current state, SPIRAL
could be used clinically as part of the “perfusion-derived infarct
core/clinical penumbra” paradigm for recanalization decision-
making, as was shown useful in the Clinical Mismatch in the
Triage of Wake Up and Late Presenting Strokes Undergoing
Neurointervention With Trevo (DAWN) trial.4 A prospective
study to determine whether SPIRAL is a faster, less expensive,
and safer technique for obtaining brain blood flow perfusion
maps from a time-resolved helical CT angiogram is warranted.

A few important limitations must be acknowledged. This
study has a relatively small sample size of highly selected
patients with moderate-to-severe stroke symptoms who were
treated with EVT and achieved very good and fast reperfusion.
The purpose of these selection criteria was to achieve an opera-
tional definition of “infarct core,” but we do not know how pre-
dictive the SPIRAL map would be in patients with variable
reperfusion status and with occlusions in vascular territories
other than the anterior circulation. We also had to remove sev-
eral patients due to the inability to register the images (motion
correction to obtain the time-attenuation curve). Nevertheless,
the number of patients removed due to this error is consistent
with other studies.7 We also did not separate our gray and white
matter tissue compartments to determine respective accuracies;
compared with CTP in which an “average map” provides
adequate gray/white differentiation, a low temporally resolved
CTA cannot provide this. In the future, mCTA perfusion will
need to be assessed in a more heterogeneous stroke cohort to
determine the relationship between SPIRAL and other commer-
cialized software. We propose that standardized SPIRAL auto-
mation will maintain the diagnostic accuracy of cine CTP–
based paradigms, thus providing the potential for supporting
significant improvements in stroke triage, both in comprehen-
sive and primary stroke centers.

CONCLUSIONS
We have shown that CT perfusion maps can be generated from a
temporally sampled helical CTA, potentially replacing a cine CTP
scan for triage of patients with ischemic stroke. SPIRAL has the
potential for reducing the time for image acquisition and radio-
logic interpretation compared with NCCT, CTA collateral scores,
and cine CT perfusion techniques.
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