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Larrabure LN™, Yu JF!, Pung L2, Amans MR, Purpose: Outcomes of acute ischemic strokes (AIS) are associated with
Cooke DL! and Hetts SW! length of time to reperfusion. Most AIS patients receive non-contrast enhanced
CT (NECT) to detect intracranial hemorrhage and determine eligibility for
intravenous tPA and/or mechanical embolectomy. We hypothesize that flat-
panel CT (FPCT) images produced by modern x-ray angiography equipment
are as sensitive to intracranial hemorrhage as standard NECT images.
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2015 and December 2015. Two neuroradiologists independently viewed in
random sequence the de-identified images. Intra-rater and inter-rater agreements
were assessed using overall percent agreement, positive percent agreement,
and kappa statistic. FPCT’s sensitivity, specificity, and positive and negative
predictive value were calculated for the detection of intracranial hemorrhage
(ICH), subarachnoid hemorrhage (SAH), intraventricular hemorrhage (IVH),
intraparenchymal hemorrhage (IPH) and subdural hemorrhage (SDH).
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Results: Intra-rater and inter-rater agreements were sufficient for all
categories of hemorrhage except SDH. Excluding SDH cases, FPCT has
hemorrhage detection sensitivity of 0.89 (Cl 0.75-0.97), specificity of 1 (Cl 0.85-
1), PPV of 1 (Cl 0.90-1), and NPV of 0.85 (0.65 - 0.96). In the identification of
hemorrhage location, FPCT has a sensitivity for SAH, IVH, and IPH of 0.68 (ClI
0.48-0.84), 0.79 (Cl 0.59-0.92), and 0.58 (ClI 0.28-0.85), respectively.

Conclusion: FPCT is similar to NECT in the detection of intracranial
hemorrhage and has potential as a diagnostic test for intracranial hemorrhage
during AIS imaging triage.

Keywords: Stroke; Flat-panel computed tomography; Subarachnoid
hemorrhage; Intraventricular hemorrhage; Intraparenchymal hemorrhage;
Subdural hemorrhage

Abbreviations or large completed brain infarction that would raise the risk for
reperfusion hemorrhage in already dead brain tissue. If the patient
is demonstrated by CT angiogram to have an intracranial large vessel
occlusion, the patient is then transported to the angiography suite
for endovascular mechanical embolectomy. Every minute counts in
the treatment of AIS, with improved outcomes for less time between
onset of the stroke and reperfusion [4-5]. Each step in the treatment
protocol adds time until reperfusion. Angiography suites equipped
with FPCT may be able to eliminate the need for imaging studies
prior to the transport to the angiography suite. Previous studies have
suggested that imaging in the angiography suite (FPCT) could be
reliable and comparable to other forms of imaging in assessment of
hemorrhage and blood volume [6-12]. If FPCT is determined to be as
sensitive to ICH as standard NECT in this future prospective study,
Introduction this would allow elimination of NECT imaging as a separate step in
the AIS treatment protocol needed for IV tPA administration and
embolectomy. If FPCT is comparable to NECT currently used in the
early steps of triage of AIS, then it may be possible to decrease delay in
treatment of patients and improve overall outcomes. In 2016, Leyhe,
et al. performed a 102 patient retrospective study comparing FPCT to
NECT and showed FPCT had comparable sensitivity and specificity

AIS: Acute Ischemic Stroke; FPCT: Flat-panel Computed
Tomography; NECT: Non-contrast Enhanced Computed
Tomography; CT: Computed Tomography; UCSF: University of
California, San Francisco; tPA: Tissue Plasminogen Activator; ICH:
Intracranial Hemorrhage; SAH: Subarachnoid Hemorrhage; IVH:
Intraventricular Hemorrhage; IPH: Intraparenchymal Hemorrhage;
SDH: Subdural Hemorrhage; CI: Confidence Interval; PPV:
Positive Predictive Value; NPV: Negative Predictive Value; SD:
Standard Deviation; KVP: Kilovoltage Peak; FOV: Field of View;
HU: Hounsfield Unit; MRI: Magnetic Resonance Imaging; CTA:
Computed Tomography Angiography; AVF: Arteriovenous Fistula;
AVM: Arteriovenous Malformation

In AIS, time is critically important: with 1.9 million neurons
lost per minute, clinical outcomes after reperfusion correlate with
the time spent ischemic [1-3]. However, the current algorithm of
care for AIS patients is to first receive a NECT to identify possible
contraindications for IV tPA such as intracranial hemorrhage

Austin J Cerebrovasc Dis & Stroke - Volume 5 Issue 2 - 2018 Citation: Larrabure LN, Yu JF, Pung L, Amans MR, Cooke DL and Hetts SW. A Comparison of Flat-Panel CT

ISSN : 2381-9103 | www.austinpublishinggroup.com to Non-Contrast Enhanced CT in the Detection of Intracranial Hemorrhage. Austin J Cerebrovasc Dis & Stroke.
Larrabure et al. © All rights are reserved 2018; 5(2): 1079.



Larrabure LN

Austin Publishing Group

Endovascular cases Excluded (n=14):
A with FPCT (n=33) = New hemorrhage
(n=1)
*= Not axial (n=4)
= No NECT
comparison

image (n=9)

Cases with FPCT
meeting inclusion
criteria (n=19)

Flat-Panel CT images

generated (n=76)

I |

Intracranial hemorrhage No intracranial hemorrhage| Uninterpretable
detected (n=42) detected (n=26) (n=8)

Non-contrast enhanced Non-contrast enhanced Non-contrast enhanced
CT (n=42) CT (n=26) CT (n=8)

f%HﬂfH

Hemorrhage
detected
(n=40)

Hemorrhage Hemorrhage|
hu morrhage detected hemn rrhage detected hnm orrhage|
detected (n=4) detected (n=4) detected

{n=2) (n=22) (n=4)

Figure 1: (A) Study design flowchart. A case of a SAH as seen on NECT
(B) and FPCT (C). A case of an IVH as seen on NECT (D) and FPCT (E).
FPCT: Flat-Panel Computed Tomography. NECT: Non-contrast Enhanced
Computed Tomography. CT: Computed Tomography.

to NECT in the detection of SAH, IVH, and IPH [13]. Building on this
study, our group is preparing an international multicenter prospective
study collaboration with the Leyhe group, comparing standard stroke
management with NECT to one stop management with FPCT in
the endovascular suite. In preparation for this collaboration, a study
ensuring comparability in a tertiary cerebrovascular referral center
in North America is warranted. We aim to assess the detectability
of brain hemorrhages using FPCT images specifically in our tertiary
hospital’s population.

Materials and Methods

Case selection

Cases (n=33) were collected through retrospective chart review of
neuroendovascular cases conducted at UCSF Medical Center between
April 2015 and December 2015. Inclusion eligibility required an axial
FPCT conducted during endovascular treatment and a comparable
NECT image. Specifically, if a FPCT was performed pre-treatment,
then a comparable pre-treatment standard NECT imaging study
was examined. For each case, gender, age, time between comparison
images, and chart-recorded indications for endovascular treatment
were collected.

Imaging protocol

FPCTs were performed using a biplane angiography system
(Axiom Artis Zee or Q, Siemens Healthineers, Erlangen, Germany).

Table 1: Demographics. SD: Standard Deviation; SAH: Subarachnoid
Hemorrhage; IVH: Intraventricular Hemorrhage; IPH: Intraparenchymal
Hemorrhage; SDH: Subdural Hemorrhage; AVF: Arteriovenous Fistula; AVM:
Arteriovenous Malformation.

Demographics
Number of Cases 17
Male 9
Sex
Female 8
Average 56
Median 57
Age SD 11.7
Lower limit 40
Range
Upper limit 83
53 hours
Average 0 minutes
45 seconds
26 hours
Median 45 minutes
0 seconds
) 46 hours
Time Between
NECT and FPCT SD 7 minutes
18 seconds
2 hours
Lower limit 39 minutes
0 seconds
Range
181 hours
Upper limit 41 minutes
9 seconds
Medical Chart Listed Indications for Hospitalization
Ischemic 1
SAH 7
IVH 5
Stroke
IPH 1
SDH 2
Total 12
Brain Tumor 1
Aneurysm 5
AVF 1
AVM 1

Contrast medium was injected at a dilution ratio of 240 mgl/mL and
atarate of 1 ml/s for a total of 20s; 270 degree rotation was performed
during a patient breath hold. A source voltage of either 70 kvp or
109 kvp was used with a FOV ranging from 42-48 cm and a slice
matrix of 512x512. Images were reconstructed on the Siemens XWP
workstation using a HU algorithm with a slice thickness of 0.3-1 mm.

NECT were performed using a GE Discovery CT750 HD multi
detector scanner. A source voltage of 120 kvp and tube current of
300 was used and images were acquired with a FOV of 32 cm. Images
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Table 2: Intra-rater and inter-rater agreements. Cl: Confidence Interval; SAH: Subarachnoid Hemorrhage; IVH: Intraventricular Hemorrhage; IPH: Intraparenchymal
Hemorrhage; SDH: Subdural Hemorrhage.

Intra-rater Agreement
Inter-rater Agreement
Rater 1 Rater 2

Overall Percent Agreement 100% 100% 91%

Hemorrhage Positive Percent Agreement 100% 100% 87%
Kappa Statistic 1(Cl1-1) 1(Cl1-1) 0.81 (Cl 0.67 — 0.96)

Overall Percent Agreement 88% 88% 85%

SAH Positive Percent Agreement 76% 78% 72%
Kappa Statistic 0.76 (C1 0.54 —0.98) 0.76 (C1 0.55 - 0.98) 0.70 (C1 0.53 -0.87)

Overall Percent Agreement 94% 91% 84%

IVH Positive Percent Agreement 85% 81% 66%
Kappa Statistic 0.87 (C10.70-1) 0.82(C10.63-1) 0.66 (C1 0.48 — 0.84)

Overall Percent Agreement 88% 97% 90%

IPH Positive Percent Agreement 50% 89% 61%
Kappa Statistic 0.60 (C10.24 - 0.97) 0.92(C10.77-1) 0.70 (C1 0.48 — 0.91)

Overall Percent Agreement 94% 100% 94%

SDH Positive Percent Agreement 33% Cannot be calculated 0%

Kappa Statistic 0.47 (CI0-1) Cannot be calculated 0 (CI0-0.95)

were reconstructed at 3.75 mm per slice with a reconstruction FOV
of 22 cm.

Image evaluation and statistical analysis

The FPCT and NECT images were de-identified, randomized, and
presented retrospectively and independently to two interventional
neuroradiologists blinded to case demographics and data. The
neuroradiologists reported findings on the presence of hemorrhage,
intracranial hemorrhagelocation subtype (e.g., SAH), and whether the
image was of interpretable quality. To allow for assessment of intra-
observer reliability, the images were presented to the neuroradiologists
twice in random order. Intra-observer agreement and inter-observer
agreement were assessed by calculating overall percent agreement,
positive percent agreement, and unweighted kappa statistic for
hemorrhage, SAH, IVH, IPH, and SDH subgroupings. Unweighted
kappa statistic was calculated using VassarStats [14]. Subgroups with
agreement kappa statistics less than 0.20 were determined to have no
agreement and were removed from calculations.

FPCT’s sensitivity, specificity, PPV, and NPV were calculated
with NECT as the comparison gold standard for intracranial
hemorrhage, SAH, IVH, IPH and SDH using MedCalc [15]. The
sensitivity, specificity, PPV, and NPV were calculated for all 17 cases
that met eligibility and were interpretable, then calculated with the
two SDH cases that failed to meet intra-/inter-observer reliability
standards removed.

Results

Of all neuroendovascular cases conducted at UCSF Medical
Center between April 2015 and December 2015, 33 cases with FPCT
images were identified. Of the 33 cases, 19 cases met inclusion criteria,
but two cases were determined to be not interpretable by the raters
and were therefore not included, resulting in 17 eligible cases (Figure
1). Sixteen cases failed to meet criteria for the following reasons:

no NECT comparison image (e.g, patient received MRI), treatment
between comparison images, new stroke between comparison
images, and FPCT image determined to be uninterpretable secondary
to alternative processing algorithm or poor alignment of patient
during imaging, and non-axial FPCT. The characteristics of the 17
cases are included in Table 1. The time between comparison images
had a median of 26 hours and 45 minutes and a range of 2 hours and
39 minutes to 181 hours and 41 minutes. Of the cases, 8 cases had
comparison times less than 24 hours, 7 cases had comparison times
less than four days, and two cases had comparison times greater than
four days.

The intra-rater agreement was assessed for both raters in each
category (i.e., hemorrhage, SAH, IVH, IPH, and SDH) and the overall
percent agreements, positive percent agreements, and kappa statistics
are presented in Table 2. In the detection of intracranial hemorrhage,
raters had 100 percent positive and overall intra-rater agreements
with kappa statistics of 1, indicating perfect agreement. Inter-rater
agreement for the category of hemorrhage was 0.81 (CI 0.67-0.96),
which indicates almost perfect agreement. SAH and IVH detection
had kappa statistics indicating substantial intra-rater agreement
and inter-rater agreement. However, SDH and IPH had variable
intra-rater agreement. IPH intra-rater agreement kappa statistics
ranged from substantial to almost perfect agreement. SDH was not
computable for one of the raters, resulting in a kappa statistic and
positive percent agreement of 0%.

The sensitivity, specificity, and positive and negative predictive
values of the FPCT in the detection of intracranial hemorrhage, SAH,
IVH, IPH and SDH are listed in Table 3. Given the lack of agreement
seen in the detection of SDH, all values were calculated with and
without the two cases of SDH for comparison. One of the SDH cases
removed also showed IPH and SAH; as a result, when the SDH cases
were removed, the number of computed cases for those categories
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Table 3: The sensitivity, specificity, and positive and negative predictive values of the FPCT in the detection of intracranial hemorrhage, SAH, IVH, IPH and SDH. PPV:
Positive Predictive Value; NPV: Negative Predictive Value; SAH: Subarachnoid Hemorrhage; IVH: Intraventricular Hemorrhage; IPH: Intraparenchymal Hemorrhage;

SDH: Subdural Hemorrhage.

Hemorrhage SAH IVH IPH SDH
95% Confidence 95% Confidence 95% Confidence 95% Confidence 95% Confidence
value Interval value Interval value Interval value Interval value Interval
Lower | Upper Lower | Upper Lower | Upper Lower | Upper Lower | Upper
Limit Limit Limit Limit Limit Limit Limit Limit Limit Limit
Sensitivity 0.91 0.78 0.97 0.66 0.47 0.81 0.88 0.69 0.97 0.69 0.41 0.89 0.33 0.84 0.91
Specificity 0.92 0.73 0.99 0.75 0.58 0.88 0.86 0.72 0.95 0.96 0.87 1 1 0.95 1
Tr”?;;‘if)'t"’e 095 084 | 099 070 & 051 08 079 @ 059 092 | 085 | 055 0.8 1 0.025 1
True
Negative 0.85 0.65 0.96 0.71 0.54 0.85 0.93 0.80 0.98 0.91 0.80 0.97 0.97 0.90 1
(NPV)
Without SDH cases:
Sensitivity 0.89 0.75 0.97 0.68 0.48 0.84 0.79 0.59 0.92 0.58 0.28 0.85
Specificity 1 0.85 1 0.84 0.67 0.95 0.91 0.75 0.98 0.96 0.86 0.99
Tr“fpifif)'t"’e 1 0.90 1 079 = 058 | 093 08 | 069 @ 097 | 078 | 040 | 097
True
Negative 0.85 0.65 0.96 0.75 0.58 0.88 0.83 0.66 0.93 0.90 0.79 0.97
(NPV)

was affected. With the SDH cases removed, the sensitivity in the
detection of intracranial hemorrhage decreased from 0.91 (0.78-0.97)
t0 0.89 (CI 0.75-0.97) and the specificity and PPV increased to 1 with
confidence intervals of (0.85-1) and (0.9-1) respectively.

Discussion

The role of flat-panel CT in AIS triage is contingent on its
comparability to the current gold standard in initial AIS assessment:
NECT. This study focused on one of the main decision points in
AIS management: the detection of intracranial hemorrhage. If
intracranial hemorrhage is noted, the patient is no longer eligible
for IV tPA. Currently, NECT is used in the determination of IV tPA
and/or embolectomy eligibility, thus this project sought to compare
FPCT’s intracranial hemorrhage detection against gold standard
NECT. Given that a failure to identify a hemorrhage prior to lytic
medication administration can have devastating outcomes, FPCT’s
sensitivity to intracranial hemorrhage detection is critical.

In our study, the two interventional neuroradiologists had
almost perfect agreement, 0.81 (CI 0.67-0.96), in the detection of
any intracranial hemorrhage and at least substantial agreement in
subgroups of SAH, IVH, and IPH. The low observer agreement in
the detection of SDH could be secondary to the low number of cases
available that met criteria. Further studies, with a larger number of
SDH cases, would be warranted to properly assess SDH identification
and detection using FPCT imaging.

To correct for the poor SDH agreement, the sensitivity,
specificity, PPV, and NPV were calculated both with and without the
SDH cases included for comparison. With the SDH cases removed,
the sensitivity of intracranial hemorrhage detection was 0.89 (CI
0.75-0.97), which is important in assessing the role that FPCT could
play in initial stroke assessment and workup. The 0.89 (CI 0.75-0.97)
sensitivity is high and promising for a future role of FPCT in stroke
management. However, any agreement less than perfect suggests that
intracranial hemorrhages may be missed on FPCT. We found the PPV
of FPCT hemorrhage detection to be 1 (CI 0.90 - 1). The sensitivity

and PPV combined indicate that should a patient have an intracranial
hemorrhage, 89% of the time the hemorrhage will be detected and
if a hemorrhage is detected a clinician can be 100% certain that the
hemorrhage is truly present in the cohort of patients examined herein.
FPCT has potential as a diagnostic test for intracranial hemorrhage,
particularly in light of the possible decrease in time-to-reperfusion
and consequent mortality and outcomes benefit.

To interpret the quality of FPCT as a diagnostic test in hemorrhage
detection, it is important to consider its specificity and NPV in
addition to its sensitivity and PPV. Our study found FPCT’s detection
of intracranial hemorrhage to have a specificity of 1 (CI 0.85-1) and a
NPV of 0.85 (0.65-0.96), which indicates a clinician can feel confident
that a patient without an intracranial hemorrhage will not be falsely
positive on FPCT imaging and consequently miss the opportunity of
IV tPA administration.

Beyond simply detecting intracranial hemorrhages of any
type, we also assessed the ability to localize intracranial hemorrhages
(i.e., SAH, IVH, IPH, and SDH) using FPCT imaging. One limitation
of this study was the low number of cases in each category of
hemorrhage. Despite this limitation, the sensitivities ranged from
0.58 (CI 0.28-0.85) in IPH to 0.79 (CI 0.59-0.92) in IVH and positive
predictive values ranged from 0.78 (CI 0.40-0.97) in IPH to 0.88 (CI
0.69-0.97) in IVH. The values are likely heavily affected by the low
number of cases; however, these results are promising.

Limitations in this study and interpretation of the results are
natural consequences of the retrospective nature of the study
design and limited number of cases available. Of the 33 identified
FPCT cases, sixteen failed criteria for reasons including lack of CT
comparison images and incomplete image data with poor processing
in the record. With only seventeen cases, there was a limitation in the
number of available cases in each category of hemorrhage, making
some variations in the images secondary to things such as time delay
between comparison images a larger factor. In our study, the median
time between comparison images was approximately 26 hours and
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45 minutes; the impact of this time delay on the amount of blood
present to be detected is unclear. Another concern is the impact
that the presence of contrast in some FPCT images, a consequence
of being acquired during an angiography procedure or following a
pre-procedure CTA, could have on the results.

Leyhe, et al. observed differing results: SAH, IVH, and IPH were

detected with sensitivities of 0.95, 0.97, and 1 and with specificities
of 0.97, 1, and 0.99 compared to this study’s findings of 0.68 (CI
0.48-0.84), 0.79 (CI 0.59-0.92), 0.58 (CI 0.28-0.85), respectively.
The differences could potentially be explained by the diversity of
machine generations employed in this study, differences in patient
population, an increased median time between FPCT and NECT
acquisitions, and the inclusion of pre-interventional imaging studies
compared to Leyhe, et al. peri-interventional to post-interventional
comparisons. Our study shows that even with diverse technology and
pre-interventional imaging, FPCT has good sensitivity and specificity
indicating a prospective study is warranted. In collaboration with the
Leyhe group, we are preparing an international multicenter clinical
trial with randomized management allocation, open-label treatment
and blinded endpoint evaluation. The trial will compare standard
stroke management with NECT to one stop management with FPCT
in the endovascular suite for patients presenting with stroke at four
hospitals in Germany, one hospital in Japan, and UCSF associated
hospitals in California. This paper demonstrates that future
prospective studies can be successful given FPCT’s similar sensitivity
and PPV to NECT in the setting of diverse technologies and patient
populations.

Conclusion

FPCT’s sensitivity and PPV are similar to non-contrast enhanced

CT in the detection of hemorrhage and could potentially be used as
part of the AIS protocol. The potential decrease in time-to-reperfusion
associated with FPCT’s use over NECT could have significant impact
on clinical outcomes in AIS. Further research is needed to assess the
role of FPCT in the localization of hemorrhage.
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