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Diagnosing Early Ischemic Changes with the Latest-Generation
Flat Detector CT: A Comparative Study with Multidetector CT

l.L. Maier, “7J.R. Leyhe, “I. Tsogkas, ““'D. Behme, ““K. Schregel, "* M. Knauth, “M. Schnieder, *#). Liman, and “*'M.-N. Psychogios

ABSTRACT

BACKGROUND AND PURPOSE: One-stop management of mechanical thrombectomy-eligible patients with large-vessel occlusion
represents an innovative approach in acute stroke treatment. This approach reduces door-to-reperfusion times by omitting multidetector
CT, using flat detector CT as pre-mechanical thrombectomy imaging. The purpose of this study was to compare the diagnostic perfor-
mance of the latest-generation flat detector CT with multidetector CT.

MATERIALS AND METHODS: Prospectively derived data from patients with ischemic stroke with large-vessel occlusion and mechanical
thrombectomy were analyzed in this monocentric study. All included patients underwent multidetector CT before referral to our
comprehensive stroke center and flat detector CT in the angiography suite before mechanical thrombectomy. Diagnosis of early ischemic
signs, quantified by the ASPECTS, was compared between modalities using cross tables, the Pearson correlation, and Bland-Altman plots.
The predictive value of multidetector CT— and flat detector CT—derived ASPECTS for functional outcome was investigated using area
under the receiver operating characteristic curve analysis.

RESULTS: Of 25 patients, 24 (96%) had flat detector CT with sufficient diagnostic quality. Median multidetector CT and flat detector CT
ASPECTSs were 7 (interquartile range, 5.5-9 and 4.25- 8, respectively) with a mean period of 143.6 = 49.5 minutes between both modalities.
The overall sensitivity was 85.1% and specificity was 83.1% for flat detector CT ASPECTS compared with multidetector CT ASPECTS as the
reference technique. Multidetector CT and flat detector CT ASPECTS were strongly correlated (r = 0.849, P < .001) and moderately
predicted functional outcome (area under the receiver operating characteristic curve, 0.738; P = .007 and .715; P = .069, respectively).

CONCLUSIONS: Determination of ASPECTS on flat detector CT is feasible, showing no significant difference compared with multide-
tector CT ASPECTS and a similar predictive value for functional outcome. Our findings support the use of flat detector CT for emergency
stroke imaging before mechanical thrombectomy to reduce door-to-groin time.

ABBREVIATIONS: FDCT = flat detector CT; IQR = interquartile range; LVO = large-vessel occlusion; MDCT = multidetector CT; MT = mechanical thrombectomy

I n acute major ischemic stroke, the superiority of mechanical
thrombectomy (MT) in combination with IV thrombolysis
compared with IV thrombolysis alone has been demonstrated
in multiple studies.' In patients eligible for MT, symptom-to-
reperfusion time has been shown to be one of the most impor-
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tant determinants for stroke outcome® and influences stroke
mortality.”

Thus, the direct transfer of patients with acute cerebral large-
vessel occlusions (LVOs) to the angiography suite represents an
innovative approach to reduce door-to-reperfusion times and
consequently to improve functional outcomes.* A recent retro-
spective analysis comparing patients with direct referral to the
angiography suite for MT and patients with prior admission to the
emergency department showed significantly reduced symptom-
to-treatment times and demonstrated the feasibility and safety of
this approach.” Rather than omitting the emergency department,
another approach to direct angiography suite referral is to skip the
multidetector CT (MDCT), performing emergency stroke imag-
ing in the angiography suite with flat detector CT (FDCT) and
multiphase flat detector CTA followed by MT without delay. This
previously reported approach®’ explicitly addresses the delay
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from MDCT imaging to angiography suite referral, which has
been identified as a crucial factor concerning in-hospital delays
for the treatment of MT-eligible patients.” However, for this ap-
proach, not only intracerebral hemorrhage but also ischemic le-
sions must be reliably diagnosed by FDCT.

An older study comparing MDCT with FDCT after neuroint-
erventional procedures demonstrated the high specificity and
sensitivity of FDCT for the detection of intracerebral hemorrhage
and hydrocephalus but could not demonstrate diagnostic suffi-
ciency for the diagnosis of ischemic lesions.® Another, more re-
cent study comparing peri-interventional FDCT with postinter-
ventional MDCT after different neurointerventional procedures
again showed high sensitivity and specificity for the detection of
intracerebral hemorrhage in different locations.” However, this
study was limited in the detection of early ischemic changes on
FDCT by a long period between modalities (4.3 hours), the use of
contrast-/postcontrast agent series, and the use of the ASPECTS
as a complete score without the sensitivity/specificity analysis of
the predefined brain regions.

The aim of our study was to provide further evidence for the
feasibility and reliability of the diagnosis of ischemic changes on
FDCT compared with MDCT in patients with acute stroke.
Therefore, we compared ASPECTS determined on MDCT and on
FDCT performed before MT.

MATERIALS AND METHODS

Ethical Approval

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the in-
stitutional research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards.

Patient Selection

Clinical and neuroradiologic data were analyzed from a prospec-
tively derived, monocentric data base including neuroradiologic
and neurologic information of interventional treatment and clin-
ical outcome. Ethics approval was sought from the ethics commit-
tee of our tertiary care center, and all patients or next of kin gave
informed written consent for the anonymized use of disease-re-
lated data on hospitalization.

Patients who presented to a secondary care hospital with acute
major ischemic stroke symptoms where they underwent MDCT
and CTA were included. After confirmation of LVO, these pa-
tients were referred to our tertiary care center for MT. Patients
were transferred directly to the angiography suite, where FDCT
and MT were performed (“one-stop management” in acute stroke
care).” Clinical data including stroke scores (baseline NTHSS
score) and baseline/follow-up mRS scores (at discharge or after 90
days) were determined by a certified stroke neurologist. Favorable
functional outcome was defined as an mRS = 2 at 90 days or at
discharge if the 90-day data were missing.

Data Acquisition

FDCT was performed with a biplane flat detector angiography
system (Artis Q; Siemens, Erlangen, Germany) using the follow-
ing parameters: 20 seconds of rotation, 200° total angle with ap-
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proximately 500 projections, 2 X 2 binning, 109 kV, 1.8 uGy/
frame, weighted CT dose index ~ 60 mGy, effective dose ~ 2.5
mSv. Initial FDCT projections were then reconstructed on a post-
processing workstation (syngo X Workplace; Siemens) with a
Hounsfield unit smooth kernel and DynaCT Clear algorithm
(Siemens) to images with a 512 X 512 matrix. MDCT before
admission was acquired on Somatom Emotion or Somatom
Emotion 16 (Siemens) or Optima CT660 scanner (GE Healthcare,
Milwaukee, Wisconsin) using a standard brain scan protocol.
Raw FDCT and MDCT data were extracted from the PACS of the
department, anonymized, reconstructed parallel to the or-
bitomeatal plane with a slice thickness of 5 mm and slice distance
of 3 mm, and imported for evaluation into the aforementioned
postprocessing workstation.

Image Evaluation

All images were analyzed by 2 experienced neuroradiologists
(M.-N.P., with >5 years of experience, and K.S., with >3 years of
experience) and a trained medical student (J.R.L.). Imaging was
qualified using the categories “excellent,” “slightly compro-
mised,” “moderately compromised,” and “severely compro-
mised” (not diagnostic). On all MDCT and FDCT scans with
sufficient quality, early ischemic signs were determined using the
ASPECTS."° The presence of a dense artery sign and intracerebral
hemorrhage was noted. FDCT and MDCT images were evaluated
with a 4-week break, to limit recall bias.

Statistical Analysis

Statistical analysis was performed using the MedCalc statistical
package 16.8 (MedCalc Software, Mariakerke, Belgium). Charac-
teristics of all patients are shown as mean = SD if normally dis-
tributed and as median with interquartile range (IQR), if not.
Sensitivity and specificity were determined using cross tables.
ASPECTS ratings on FDCT and MDCT were compared using the
Pearson correlation and the Bland-Altman plot. Interrater reli-
ability was determined using the Cohen k. To assess the predictive
value of MDCT and FDCT ASPECTS, we used an area under the
receiver operating characteristic curve. Cutoff scores were defined
as scores with a maximal Youden index. For all statistical meth-
ods, P values < .05 were considered significant.

RESULTS
Twenty-five patients with both MDCT and FDCT before MT
were identified (Table 1). The mean age was 77.3 = 10.3 years
with a median NTHSS score at admission of 17 points (IQR, 14-19
points). Mean symptom-to-groin time was 249.3 = 57.1 minutes
with a mean period of 143.6 = 49.5 minutes between MDCT and
FDCT. Most patients had an occlusion of either the carotid
terminus or the MCA (11 patients [44%] each), and 88% of
patients were successfully recanalized. Three (12%) patients
were intubated at the time of MT. Median MDCT and FDCT
ASPECTSs were 7 (IQR, 5.5-9 and 4.25-8, respectively).
There was no overall difference in the judgment of image qual-
ity between MDCT and FDCT (On-line Table). One patient
(4.2%) showed extreme motion artifacts, leading to severely com-
promised FDCT imaging quality on which the ASPECTS could
not be determined. FDCT was judged to have slightly compro-



Table 1: Baseline characteristics

Parameter (n = 25)

Age (mean) (yr) 773 £103
Sex (male) (%) 10 (40)
Occluded vessel
Proximal ICA (No.) (%) 1(4)
Carotid terminus (No.) (%) 11(44)
M1 (No.) (%) 1 (44)
M2 (No.) (%) 2(8)
IV thrombolysis (No.) (%) 15 (60)
Transfer patients®
Drip and ship (No.) (%) 14 (56)
Ship and drip (No.) (%) 1(4)
Just ship (No.) (%) 10 (40)
General anesthesia at the time of FDCT (No.) (%) 3(12)
Arterial hypertension (No.) (%) 19 (76)
Hyperlipoproteinemia (No.) (%) 11(44)
Diabetes mellitus (No.) (%) 9 (36)
Atrial fibrillation (No.) (%) 8(32)
Coronary artery disease (No.) (%) 9 (36)
Chronic kidney failure (No.) (%) 7(28)
NIHSS score on admission (median) (IQR) 17 (14-19)
mRS score on admission (median) (IQR) 5(4-5)
Successful reperfusion (No.) (%) 22(88)
Symptom-to-groin time (mean) (min) 2493 £ 571
Symptom-to-reperfusion time (n = 22) (mean) (min)  294.6 = 66.3
Door-to-groin time (mean) (min) 252 +89
Door-to-reperfusion time (n = 22) (mean) (min) 773 £30
Symptom-to-MDCT time (mean) (min) 99.4 £52.6
Symptom-to-FDCT time (mean) (min) 2349 £552
MDCT-to-FDCT time (mean) (min) 143.6 = 49.5
MDCT ASPECTS (median) (IQR) 7(5.5-9)
FDCT ASPECTS (median) (IQR) 7(4.25-8)

2 Drip and ship: transfer patients with IV thrombolysis started in a peripheral stroke
center; ship and drip: transfer patients with IV thrombolysis started in our tertiary
stroke center; just ship: transfer patients without IV thrombolysis.

mised image quality in 11 (44%) and moderately compromised
image quality in 3 (12%) patients. On FDCT, motion artifacts
were visible in 15 (60%) patients; streak-artifacts, in 3 (12%) pa-
tients; and metal artifacts, in 1 (4%) patient. The remaining 6
(24%) patients had no visible artifacts.

Figures 1 and 2 show MDCT and FDCT examples of 2 repre-
sentative patients, one with ASPECTS of 9 on MDCT and 8 on
FDCT and one with ASPECTS of 0 on MDCT and 2 on FDCT
(please refer to the figure legends for further details).

As shown in Fig 3, MDCT and FDCT ASPECTS showed a very
strong correlation (r = 0.849, P <.001). Table 2 gives an overview
of all individual ASPECTSs determined on MDCT and FDCT.
ASPECTS ratings on FDCT showed a mean difference of 0.8
points (95% CI, 0.28-1.3 points) compared with MDCT
ASPECTS on the Bland-Altmann plot (Fig 4).

Table 3 depicts the sensitivity and specificity of FDCT
ASPECTS compared with MDCT ASPECTS. The overall sensitiv-
ity was 85.1% and specificity was 83.2% for FDCT ASPECTS
compared with MDCT as the reference method. When we com-
pared the accuracy of FDCT for the determination of early isch-
emic signs in every single location, sensitivity and specificity were
highest for M2, M4, and the caudate nucleus and lowest for M3,
the lentiform nucleus, and internal capsule. The diagnostic accu-
racy of FDCT to detect a dense media sign was lower compared
with detection of early ischemic signs (sensitivity = 72.2%, spec-
ificity = 66.7%). Interrater agreement for MDCT ASPECTS was

FIG1. Initial MDCT in the peripheral stroke center shows hypodensity
of the right lentiform nucleus (white arrow) and no other early isch-
emic signs on the ganglionic (A) or supraganglionic (B) level. An
ASPECTS of 9 was rated on MDCT images. C, FDCT acquired in our
comprehensive stroke center 172 minutes after the initial CT shows
hypodensities of the right lentiform nucleus (black arrow) and insula.
No early ischemic signs were detected on the supraganglionic level,
resulting in an ASPECTS of 8.

excellent between the 2 neuroradiologists (k = 0.942, P < .001)
and between the most experienced neuroradiologist and the
trained medical student (k = 0.843, P < .001). For FDCT
ASPECTS, the interrater agreement was also excellent between
the 2 neuroradiologists (k = 0.865, P < .001) and good between
the most experienced neuroradiologist and the trained medical
student (k = 0.713, P < .001).

Eight patients (33.3%) had a follow-up mRS of =2. Figure 5
shows the receiver operating characteristic curves of both the
MDCT and FDCT ASPECTS for the prediction of favorable func-
tional outcome. The predictive value of both MDCT and FDCT
ASPECTS was moderate (area under the receiver operating char-
acteristic curve MDCT ASPECTS = 0.738; P = .007; FDCT
ASPECTS = 0.715; P = .069). The comparison of the predictive
values of both scores revealed no statistically significant difference
(P = .778).

DISCUSSION

Innovative approaches to reduce door-to-groin times have been
proposed recently for patients with LVO.>>*!" These approaches
include the direct referral of MT-eligible patients to the angiogra-
phy suite with a variation of imaging or no imaging proposed by
the various authors. We have recently published an innovative
one-stop-management protocol, which includes both noncon-
strast imaging and multiphase CTA (acquired in the angiography
suite). Omitting MDCT seems plausible because it has been
shown that among 1000 patients with successful MT, for every 15
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FIG 2. A, Initial MDCT in the peripheral stroke center shows hy-
podensities of the left striatum, insula, internal capsule, M1, M2, and
M3 segments. B, In the supraganglionic levels, we observe early signs in
the M4, M5, and M6 segments, resulting in an ASPECTS of 0. C and D,
FDCT acquired in our comprehensive stroke center 94 minutes after
the initial CT shows early ischemic signs in the left anterior cerebral
artery and MCA territories, resulting in an ASPECTS of 2. The M3 and
Mé segments are not classified as ischemic on FDCT images.
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FIG 3. Pearson correlation between MDCT and FDCT ASPECTS.

minutes of faster door-to-reperfusion time, 39 patients would
be less disabled at 3-month follow-up, including 25 patients
achieving an mRS of 0-2.” In this context, the Highly Effective
Reperfusion evaluated in Multiple Endovascular Stroke trials
(HERMES) collaborators reported that only 4% of the patients
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Table 2: Overview of all individual ASPECTS determined on

MDCT and FDCT

ASPECTS

Patient No. MDCT FDCT
1 10 8
2 9 8
3 7 7
4 10 10
5 10 8
6 7 8
7 7 7
8 8 6
9 9 7
10 5 5
1 3 NA®
12 6 5
13 9 8
14 9 9
15 5 4
16 7 4
17 7 7
18 0 2
19 5 3
20 7 7
21 8 6
22 6 4
23 10 9
24 5 4
25 7 8

Note:—NA indicates not applicable.
2 Patient 11 had an FDCT with severely compromised (nondiagnostic) imaging quality.
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FIG 4. Bland-Altman plot of MDCT and FDCT ASPECTS.

included in the most recent large thrombectomy trials had an
MDCT-to-groin puncture time of =30 minutes, which represents
the latest recommendation of the Society of NeuroInterventional
Surgery.>'?

However, the approach to perform stroke imaging directly in
the angiography suite requires comparable diagnostic accuracy of
FDCT and MDCT as the reference method. This includes compa-
rable sensitivity to detect intracerebral hemorrhage, vessel occlu-
sion, and collateral status as well as ischemic changes. For the
latter, it can be questioned whether detection of early ischemic
signs on initial FDCT is necessary at all because there is evidence
that patients with low ASPECTS also benefit from MT."? How-

ever, the pre-MT ASPECTS can be very important for the treating



Table 3: Number of patients with early ischemic signs in different regions according to the ASPECTS on MDCT vs FDCT (n = 24)

ASPECTS

Early Ischemic

Early Ischemic

Early Ischemic Signs

Signs on MDCT Signs on FDCT on MDCT and FDCT Sensitivity Specificity

M1 (No.) (%) 2(83) 3(12.5) 1(4.2) 50 90.1
M2 (No.) (%) 2(83) 7(29.2) 2(83) 100 773
M3 (No.) (%) 1(4.2) 1(4.2) 0(0) 0 95.8
C (No.) (%) 14 (58.3) 14(58.3) 13(54.2) 929 90

L (No.) (%) 15 (62.5) 21(583) 14 (58.3) 93.2 22
IC (NoJ) (%) 3(12.5) 4(16.7) 1(4.2) 33 857
I (No.) (%) 18 (75) 22(917) 18 (75) 100 333
M4 (No.) (%) 5(20.8) 8(33.3) 5(20.8) 100 84.2
M5 (No.) (%) 4(167) 6(25) 3(12.5) 75 85

M6 (No.) (%) 3(12.5) 0(0) 0(0) NA NA
Overall (No.) (% of 240 locations) 67(27.9) 86 (35.8) 57 (23.8) 85.1 83.2
Dense media sign (No. positive) (%) 18 (75) 15 (62.5) 13(54.2) 722 66.7

Note:—Anatomic regions according to the Alberta Stroke Program Early CT Score: MI-Mé6 indicate cortical regions of the medial cerebral artery territory; C, caudate nucleus;

L, lentiform nucleus; IC, internal capsule; I, insula; NA, not applicable.
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FIG 5. Area under the receiver operating curve analysis for the pre-
dictive value of MDCT and FDCT ASPECTS for favorable functional
outcome (MRS = 2).

neurointerventionalist in patients with wake-up strokes or un-
known clinical onset as well as in scenarios in which intervention
is prolonged and termination of the MT has to be discussed after
multiple thrombectomy maneuvers.

There is growing evidence that FDCT can be reliably used to
exclude intracerebral hemorrhage”'*'* and that the use of time-
resolved flat detector CTA and flat detector CTP is feasible, show-
ing sufficient reliability for decision-making.'®'” One of the most
recent studies addressing the reliability of FDCT in acute stroke by
Eckert et al'® also reported data on the reliability of detecting
ischemic changes on FDCT. This study reported poor sensitivity
for FDCT to detect early ischemic signs compared with post-MT
MDCT. However, the authors of this study evaluated FDCT im-
ages acquired with an older angiography system (Axiom Artis
dBA; Siemens) and did not use ASPECTS as a systematic evalua-
tion method to search for early ischemic changes, and only 4
(12.5%) of the 32 patients with ischemic stroke included in this

study had early ischemic changes on the initial MDCT."® In con-
trast, we used a latest-generation angiography suite with 16-bit
readout, which allows better contrast resolution compared with
the older systems. Additionally, 20 (83.3%) of the 24 patients
included in our study had early ischemic signs on initial MDCT
(ASPECTS < 10), which renders our cohort more eligible for the
comparison of ischemic signs detected on MDCT versus FDCT.
Moreover, Eckert et al'” also included patients with vertebral and
basilar artery occlusions, predominantly causing infratentorial
ischemia, for which the diagnostic accuracy of FDCT is generally
lower compared with the supratentorial region.” In contrast to the
study by Eckert et al, our results are in line with findings from a
previous study by Leyhe et al,” which showed high sen-
sitivity and specificity for detecting large ischemic changes
(ASPECTS = 5) on FDCT compared with MDCT.

In our study, FDCT ASPECTS was 0.8 points lower compared
with MDCT. This difference could be explained by the delay be-
tween both modalities, in which ischemia could have developed in
the context of persistent LVO during the transfer from the sec-
ondary care hospital to our comprehensive stroke center. This
difference is in agreement with findings from a study by Sun et
al,'® which showed an average ASPECTS decline of 1 point if the
patient was transferred from another hospital for MT. In the study
by Leyhe et al,” a mean ASPECTS difference between peri-inter-
ventional FDCT and postinterventional MDCT of 0.5 points was
described. The higher difference found in the present study could
be explained by ongoing ischemia during the period between
MDCT and pre-MT FDCT, while ASPECTS comparison after
successful MT (as done by Leyhe et al) is likely to be more stable.”

Besides the difference in ASPECTS between both modalities
caused by the delay between MDCT and FDCT, increased sensi-
tivity and specificity for FDCT ASPECTS could have been ex-
pected with a higher number of patients with general anesthesia
during MT. Motion artifacts are a common problem in FDCT
imaging because they can affect multiple slices and can occur
more often in imaging techniques with prolonged image-acquisi-
tion times. Thus, in the latest flat detector systems, image acqui-
sition takes 20 seconds, which increases the risk for motion arti-
facts.”'” This isa common problem, especially in the acute setting
of ischemic stroke, in which patients are often not cooperative due
to aphasia or confusion. In our study, most patients underwent
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MT without general anesthesia, which explains the high percent-
age of motion artifacts despite adequate positioning and head
fixation, which have been described in detail elsewhere.” These
artifacts could also have been the major reason for the lower sen-
sitivity and specificity of FDCT to detect a dense media sign be-
cause it is seen in only a small, deep brain region on a few slices.
Eckert et al'” reported a comparable rate of motion artifacts but a
significantly lower sensitivity to detect a dense vessel sign (a hy-
perdense media sign was present in 7 cases, and none were de-
tected on FDCT). These findings underline the diagnostic limita-
tions for the detection of dense media signs and urge combined
use with flat detector CTA to reliably diagnose LVO. Additionally,
the development of a faster protocol with identical contrast reso-
lution would reduce the presence of motion artifacts.

Our findings must be interpreted considering several limita-
tions of our study. We report retrospective, single-center data,
which cannot be applied to other centers using different FDCT
systems and imaging-reconstruction methods. In addition, our
sample size is small, and ASPECTS raters were not blinded to the
ischemic side.

CONCLUSIONS

Our study provides evidence for the feasibility and reliability of
ASPECTS determination on FDCT in MT-eligible patients. Given
the use of optimized, latest-generation flat detectors and optimal
positioning strategies, these findings add to the one-stop ap-
proach to acute stroke care, in which emergency stroke imaging is
performed in the angiography suite directly before MT, aiming to
reduce door-to-groin times.
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