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Background
Traditionally, stroke imaging has been a fragmented  
process involving trade-offs between speed, coverage,  
and image resolution. The need to rule out hemorrhage,  
identify occlusions, assess collaterals, and evaluate sal-
vageable hypoperfused brain tissue often required multiple 
scan sequences and time-consuming post-processing.  
Furthermore, identifying the embolic source usually  
required separate downstream investigations. This is a  
critical diagnostic step for selecting the appropriate sec-
ondary-prevention treatment. Research indicates that 
27.7% of first-ever ischemic strokes are of cardioembolic 
origin. Additionally, 10.8% of strokes are classified as an 
embolic stroke of undetermined source (ESUS); a clinical 
entity describing strokes of likely embolic origin where the 
source remains undetected despite standard workups [1]. 

Siemens Healthineers have introduced photon-
counting CT technology in clinical practice with the intro-
duction of the NAEOTOM Alpha. This CT scanner combines 
the advantages of the photon-counting detector, including 
high spatial and contrast resolution [2, 3], with the fast  
acquisition speed of a dual source scanner. This combi- 
nation makes this scanner interesting for neuroimaging, 
which is why the dual source NAEOTOM Alpha at Karolinska 
University Hospital is the Stockholm region’s main CT  
scanner for stroke diagnostics.

At Karolinska University Hospital, the approach to 
acute stroke imaging has evolved within 10 years, from  
a reliance on simple non-enhanced CT (NECT) and single-
phase CT angiography (CTA), to a more comprehensive  
diagnostic protocol: After the traditional NECT, a multiphase 

CTA (mCTA) is performed, with the first phase also covering 
the heart. This extended scan range helps identify certain 
cardiac etiologies during the initial workup, facilitating  
earlier triage. Finally, a CT perfusion (CTP) is added where 
needed. Thus, the combination of NECT + mCTA (including 
the heart) + CTP is used as a “one-stop” shop style protocol.

Karolinska University Hospital’s philosophy of mCTA 
versus CTP is not binary, but rather a stratified approach. 
The mCTA acts as the robust workhorse for the majority  
of stroke cases, providing rapid acquisition and sufficient 
physiological data, e.g. to assess collaterals. CTP serves  
as a critical problem-solving tool to provide further clinical 
information, especially for wake-up strokes, complex cases, 
and stroke mimics.

The stroke protocol takes advantage of various auto-
mated features. For the NECT, patient positioning is  
supported by the FAST 3D camera, which automatically 
identifies the optimal patient positioning in the isocenter. 
The scan and reconstruction regions are planned manually 
to ensure appropriate coverage. After scanning, multi-planar 
reconstructions (MPRs and MIPs) are automatically created 
by the syngo.via server (Rapid Results Technology*). Based 
on our experience, all results are available in PACS within  
6 minutes; specifically, CTP volumetric maps, including 
penumbra, core infarct, and mismatch ratio are ready in 
just 2.5 minutes.

The automated post-processing removes the tradi
tional workflow bottleneck and provides specific benefits 
for each exam: For NECT, it ensures that reconstructions 
are standardized regarding angulation and settings across 

60 magnetomworld.siemens-healthineers.com

ESOC 2026Angiography

2071_MAGNETOM_Flash_ESOC_2026_final_Print_Inhalt.indd   602071_MAGNETOM_Flash_ESOC_2026_final_Print_Inhalt.indd   60 10.04.26   15:0210.04.26   15:02



different scanners. For mCTA, the system enables thick 
maximum intensity projections (MIPs) in axial, coronal,  
and sagittal reconstructions as needed, which facilitates 
quick viewing and is useful for demonstration during  
future patient rounds. For perfusion imaging, the process 
runs fully automatically in the vast majority of patient  
cases, including automatic identification of the reference 
vessel (superior sagittal sinus) and the arterial input  
function (AIF).

This article begins with an overview of the different  
components of Karolinska University Hospital’s stroke  
protocol, followed by three patient cases that each illus-
trate the value of a specific element: mCTA, perfusion  
imaging, and the integrated cardiac assessment included  
in the mCTA acquisition.

The Karolinska stroke protocol
Stroke patients at Karolinska University Hospital in Solna 
are primarily diagnosed with the NAEOTOM Alpha CT scan-
ner. The scan protocol is designed to be fast and effective, 
and consists of three main parts, the NECT, mCTA and CTP. 
The NECT and the mCTA are always included and used, 
while the CTP is skipped if bleeding is detected. In such  
cases, the mCTA is used to exclude potential vascular mal-
formations (e.g., aneurysms, arteriovenous malformations,  
arteriovenous fistulas) as the source of the bleeding.  
Furthermore, when bleeding is detected, the mCTA covers 
all three phases over the brain only, as it is not necessary  
to additionally scan from the heart.

A summary of the scan protocol for stroke is shown  
in Table 1. The separate series and their corresponding  
reconstructions are discussed in this section.

Series Topogram PA 
(550 mm)

Topogram LAT 
(550 mm) NECT Premoni-

toring
Moni- 
toring

mCTA 
Phase 1

mCTA 
Phase 2

mCTA 
Phase 3 CTP

Scan range Vertex to 
diaphragm

Diaphragm to 
vertex

Skull base 
to vertex

Level of 
aortic arch

Level of 
aortic arch

Diaphragm 
to vertex

Skull base 
to vertex

Skull base 
to vertex

11 cm  
shuttle range

Scan mode QuantumSn QuantumSn Quantum-
Plus Quantum Quantum Quantum Quantum Quantum Quantum

Tube potential [kV] Sn140 Sn140 120 90 90 90 90 90 70

(phantom diameter) 
CTDIvol [mGy]

SPR (16 cm) 
0.11

SPR (16 cm) 
0.11

(16 cm) 
38.5

(32 cm) 
0.84

(32 cm) 
37.8

(32 cm) 
6.96

(32 cm) 
6.96

(32 cm) 
6.96

(16 cm)  
109

DLP [mGy*cm] 6.1 6.1 747 0.4 18.9 344 116 116 1,399

Exam time [s] 3.03 3.03 6 0.25 35.45 2.63 1.74 1.74 45.9

Start delay:  
Intended [s] 2 2 2 2 8 Trigger 22 28 6

CARE Dose4D &  
CARE keV N/A N/A Off

Manual 
kV,

IQ level 22

Manual 
kV,

IQ level 22
Off Off Off IQ level 45

Effective mAs / mA 55 mA 55 mA 228 mAs 33 mAs 33 mAs 250 mAs 250 mAs 250 mAs 97 mAs

Pitch  N/A  N/A 0.35 N/A N/A 1.6 1.6 1.6 0.5

Rotation time [s] N/A N/A 0.5 0.25 0.25 0.25 0.25 0.25 0.25

Table 1: �Karolinska University Hospital’s scan protocol for stroke on the NAEOTOM Alpha. The detailed protocol is freely available  
for download here: github.com/karolinskaimaging  
CTDIvol = Volume CT Dose Index, CTP = CT perfusion, IQ level = Image Quality level, LAT = lateral projection,  
mCTA = multiphase CT angiography, N/A = not applicable, NECT = non‑enhanced CT, PA = posteroanterior projection, Sn = tin‑filtered,  
SPR = Scan Projection Radiograph dose reference
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1. Non-enhanced CT (NECT): Spectral intelligence
The stroke protocol begins with two long topograms,  
used for planning and potential exclusion of metal in case 
the patient needs to be transferred to the MRI suite. This  
is followed by a NECT at a standard 120 kVp with a CTDIvol 
of 38.5 mGy. Photon-counting CT technology allows  
Karolinska University Hospital to access spectral informa-
tion in every baseline scan. Reconstructions always include 
Virtual Non-Contrast (VNC) and Iodine (1 mm Qr44 QIR4) 
to provide an immediate assessment of early ischemic 
changes, even if intravenous contrast medium was  
previously given, e.g., during coronary angiography  
or other interventional procedures. Multiplanar recon- 
structions (MPRs) are created from a soft reconstruction 
(0.8 mm Hr40 QIR4 512 × 512 67 keV) automatically  
via Rapid Results Technology in syngo.via. A sharp recon-
struction (0.4 mm Hr72 QIR2 768 × 768 T3D) is stored for 
bone evaluation.

2. Multiphase CTA (mCTA): Head and heart coverage
The mCTA is the cornerstone of this stroke protocol.  
Performed at a locked 90 kVp (dual source) for improved 
iodine contrast visualization of intracranial vessels, this  
sequence is divided into three phases to assess both flow 
and perfusion dynamics without delay or the need for  
complex calculations. Compared to CTP, mCTA offers  
higher spatial resolution while still providing a temporal 
sampling of 3 images per study. This is achieved with a 
highly optimized radiation profile: The total effective dose 
for the mCTA is approximately 4.6 mSv. Crucially, the  
radiation “cost” of obtaining this time-resolved data is  
minimal, with the second and third phases contributing 
only ~ 0.6 mSv each. This design transforms a standard 
static angiogram into a dynamic flow assessment with a 
negligible increase in biological risk. In contrast, while CTP 
carries a slightly lower effective dose (3.1 mSv), it deposits 
a significantly higher cumulative dose concentrated exclu-
sively within the intracranial volume (CTDIvol 109 mGy  
versus 21 mGy for CTP and mCTA respectively).

Evaluation is based on the application of a single  
intravenous contrast bolus. Scanning is performed in  
dual source mode with a slightly reduced pitch of 1.6,  
a parameter chosen for several critical reasons: First,  
higher pitch values over 1.6 result in higher acceleration 
and deceleration of the table, which would prolong the  
interval between phases. A pitch of 1.6 maintains the short 
6-second interval. Second, a higher pitch limits patient  
positioning along the z-plane, risking scan range cut-off. 
Finally, compared to higher pitch values, a pitch of 1.6 pro-
vides more sinogram information with improved sampling, 
reducing artifacts such as windmill artifacts from high-at-
tenuating materials like contrast, bone, or arms within the 
scan field.

The reconstructions (0.4 mm Hv56 QIR4 T3D) are auto
matically reformatted into MIPs via syngo.via. Further, a 
separate reconstruction (5 mm Qr44 QIR4 53 keV, recently 
changed to 2 mm Hr36) is made for reading the dynamic 
iodine uptake in the parenchyma.

Using these settings, a short interval timing of  
6 seconds is achieved that allows the reduction of the  
total bolus injection time and the overall amount of intra-
venous contrast medium. The contrast injection protocol 
for the mCTA on the dual source NAEOTOM Alpha consists 
of 80 ml of Visipaque 320 (GE Healthcare) at 6 ml/s over  
13.3 seconds, compared to 100 ml at the same rate over 
16.7 seconds on other CT systems, followed by a saline 
chaser of 80 ml NaCl (9 mg/ml) at 8 ml/s.

Phase 1 (early arterial): Unlike standard protocols  
that stop at the aortic arch, Phase 1 extends to include  
the entire heart. In early mCTA articles [4, 5], this Phase 1 
often resembled a late arterial phase; however, Karolinska 
University Hospital has decided to perform an earlier 
phase, making it easier to distinguish arteries from veins. 
Optimized for rapid acquisition, the scan is performed  
from the diaphragm to the skull vertex using a high pitch 
of 1.6 and no ECG-gating or triggering, minimizing setup 
time. By leveraging both the acquisition speed of the dual 
source system and the high spatial and contrast resolution 
of the photon-counting detector, a good to excellent cardi-
ac image quality is generally achieved [6]. 

As we demonstrated in a recent cohort study [6], this 
enables immediate detection of potential cardioembolic 
findings, notably cardiac thrombi and aortic valve vegeta-
tions, while also revealing other management-relevant  
cardiothoracic findings such as patent foramen ovale;  
severe valvular calcifications were also observed. However, 
image quality may occasionally be insufficient for cardiac 
evaluation, or findings may remain inconclusive. The rates 
observed in our cohort study were around 3%, which is 
comparable to those reported for ECG-gated energy-
integrating dual source CT [7]. False positives were rare, 
and false negatives may occur, both of which need to  
be further investigated by comparison with diagnostic ref-
erence standards. 

Overall, this scan allows identification of cardioem
bolic stroke sources during routine comprehensive stroke 
imaging with virtually no additional time or cost to patient 
management. This may reduce the need for subsequent 
investigations, ultimately improving patient flow and low-
ering healthcare costs, and may also shorten diagnostic 
timelines, potentially enabling earlier targeted secondary 
prevention.

Phases 2 & 3 (venous / late): These phases are re-
stricted to the head to minimize the overall radiation dose 
while capturing the temporal evolution of contrast. This  
allows for robust collateral scoring, which is essential for 
predicting outcomes in thrombectomy candidates. These 
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phases are included to visualize flow dynamics while  
assessing more distal vessels without the post-processing 
delay of perfusion maps in standard cases.

3. CT perfusion (CTP): Automated volumetry
This scan is performed at 70 kVp, acquiring 30 volumes 
over 45 seconds. The factory protocol was adjusted  
to achieve the target image quality at a reduced radiation 
dose, utilizing the highest iterative reconstruction level  
(5 mm Hr40 QIR4 T3D). This reduced the radiation dose  
by more than 40%, compared to the factory protocol,  
yielding a CTDIvol of 109 mGy. The CTP data provides criti-
cal insight into the physiological and pathophysiological  
status of the brain tissue. 

As described in the introduction, Karolinska University 
Hospital relies on fully automated processing using Rapid 
Results Technology to eliminate delays. By the time the  
patient is moved from the table, the PACS has already  
received the penumbra and core infarct volumes as well  
as the mismatch ratios. For automatic post-processing of 
CTP data we used motion correction, 4D noise reduction, 
smoothing filter 10 mm, AIF vessel threshold 12% and  
increased the width of the brain parenchyma segmentation 
to 23 HU and 500 HU in order to accommodate the preced-
ing CTA. The ischemic penumbra (tissue at risk) is defined 
as tissue with a time-to-maximum (Tmax) delay of > 6 sec-
onds. The infarct core (non-viable tissue) is defined as  
tissue with a relative cerebral blood flow (rCBF) of < 20% 
compared to the contralateral healthy hemisphere. Vessel 
suppression is applied to the final parametric maps to im-
prove tissue visualization. For quantitative analysis, images 
are reconstructed at a slice thickness of 5 mm with a 3 mm 
interval. 

The standard contrast injection for CTP is 42 ml of  
Visipaque 320 (GE Healthcare) at 7 ml/s, with a saline  
chaser of 80 ml NaCl (9 mg/ml) at 8 ml/s.

Patient cases
Three cases are presented in this article. Case 1 is an  
example of a stroke case where the mCTA showed a clear 
M1 occlusion and the patient could be sent directly for 
thrombectomy without requiring immediate review of  
the CTP maps. Case 2 is an example where the first mCTA 
phase clearly demonstrates a thrombus in the heart, and 
therefore shows the advantage of including the heart  
in phase 1 of the mCTA. Case 3 is a complicated stroke  
patient with findings in the mCTA which were difficult  
to interpret. CTP helped to correctly read the case. 

Case 1: The “clear” large vessel occlusion  
(mCTA is sufficient)
An elderly patient presented with a new-onset left-sided 
hemiparesis. NECT demonstrated no intracranial hemor-
rhage and no early infarct demarcation but revealed a  
1.5 cm long dense vessel sign in the right middle cerebral 
artery (MCA) (see Figure 1). 

Key finding (mCTA): A subsequent mCTA confirmed 
an occlusion in the right MCA, distally in the M1 segment 
with extension into the proximal M2 branches. Figure 2 
shows the mCTA images as they are typically displayed in 
our PACS. The right MCA territory exhibits delayed contrast  
filling with good opacification in the later phases. This rep-
resents a favorable collateral status, indicating salvageable 
penumbra. 

Clinical impact: The patient was immediately referred  
for thrombectomy. This case illustrates how in standard 
large vessel occlusions, mCTA alone provides all informa-
tion necessary for rapid decision-making, representing  
a highly efficient workflow. In this case, additional  
perfusion imaging would increase time and radiation  
exposure without adding clinically relevant information.

1  � Axial non-enhanced CT. Note the dense vessel sign in the  
distal right M1 segment. No hemorrhage or acute infarct 
demarcation.
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Case 2: The cardioembolic source (the “heart” scan)
An 82-year-old patient presented with a witnessed acute 
onset of dysarthria and right-sided hemiparesis, most pro-
nounced in the arm. Initial NECT, performed one hour  
after symptom onset, demonstrated no hemorrhage or 
acute infarction. 

Key finding (mCTA): The intracranial component of  
the mCTA demonstrated an occlusion in a frontal M4 vessel 
on the left side. In addition, the extended thoracic field of 
view acquired without ECG‑gating revealed a thrombus 
within the left atrial appendage (LAA), providing a likely 
cardiac source of embolism (see Figure 3). 

2  � Multiphase CT angiography 
(mCTA) in three phases. The 
upper row shows maximum 
intensity projections (MIPs) 
with 25 mm slice thickness  
at the level of the circle of 
Willis, and the lower row 
shows parenchymal images 
with 5 mm slice thickness at 
the level of the basal ganglia. 
From left to right, early 
arterial (phase 1), arteriove-
nous (phase 2), and venous 
(phase 3) acquisitions are 
shown respectively. Note the 
occlusion of the right middle 
cerebral artery (MCA) in the 
distal M1 segment. There is 
delayed contrast filling in the 
right middle MCA territory 
with a one-phase delay 
compared to the left side, 
but with good contrast filling 
in later phases.

Phase 1 Phase 2 Phase 3

3  � Cardiac images from the multiphase 
CT angiography. Images acquired 
during the early arterial phase of 
the multiphase CT angiography, 
extended to a non-gated thoracic 
scan. Coronal (3A) and sagittal (3B) 
reconstructions clearly demonstrate 
the thrombus in the left atrial 
appendage (arrow).

3A 3B

Clinical impact: The patient, who had atrial fibrillation, 
was treated with intravenous thrombolytics. Identifying  
the stroke etiology directly on the extended-range CT scan 
allowed clinicians to decide on secondary-prevention strat-
egies immediately, rather than waiting for a transesoph- 
ageal echocardiogram days later. This demonstrates the 
practical value of including an extended thoracic field of 
view in acute stroke imaging. In our recent cohort study of 
193 patients, we identified clinically relevant cardiothorac-
ic findings in every third patient and specific cardioembolic 
findings in 4.7% of patients, with cardiac thrombi and veg-
etations found exclusively in the subgroup with confirmed 
infarction [6]. This supports the role of extended‑range CT 
in efficiently uncovering cardioembolic sources. 
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Case 3: The “complex” presentation (CTP is decisive)
A 40-year-old male presented with an acute onset  
right-sided weakness, numbness, and right hemianopsia. 
Upon arrival, motor symptoms had transiently improved, 
but visual field deficits and oculomotor dysfunction  
persisted (NIHSS 4).

Initial imaging (NECT & mCTA): The NECT showed 
only a subtle hypoattenuation in the left lingual gyrus,  
suggestive of early ischemia but otherwise unremarkable. 
The mCTA, however, revealed a highly complex vascular 
landscape that was difficult to immediately interpret. It 
showed a proximal dissection of the right vertebral artery 
(VA) with irregular caliber and lack of antegrade flow, 
showing some retrograde filling of the most distal portion 
(see Figure 4). Conversely, distal occlusions were found 
contralateral: an occlusion of the left superior cerebellar  
artery (SCA), and the left posterior cerebral artery (PCA) 
with a thrombus surrounded by contrast medium in a 
short, stenotic P1 segment (see Figure 4), followed by  
an occlusion at the left P2/P3 transition (see Figure 5).

Key finding (CTP): While the mCTA identified the vessel 
patency issues and delineated perfusion deficits in the  
left occipital lobe and parts of the left temporal lobe, it  
was difficult to fully evaluate the hemodynamic impact  
on the brainstem (see Figure 5). Here, CTP provided  
critical additional information. Crucially, the perfusion 
maps delineated deficits not only in the left occipital  
and temporal lobes (PCA territory) and left cerebellum 
(SCA territory), but also in the right pons and medulla  
oblongata (vertebrobasilar territory), confirming the  
risk of critical ischemia in the brainstem and extensive  
salvageable cortical tissue (see Figure 6). 

Clinical impact: The CTP was instrumental in the  
interventional neuroradiologist’s planning, as it delineated 
the perfusion deficits resulting from the right VA dissection 
and the contralateral left PCA and SCA occlusions. This  
justified an immediate mechanical thrombectomy despite 
the low NIHSS. The procedure was performed via the intact 
left VA, thereby avoiding the dissected right VA. The inter-
ventionist performed four passes with a stent retriever,  
successfully opening the inferior temporal branch and 
achieving a substantial reperfusion result (grade TICI 2b). 
Follow-up MRI confirmed small, scattered infarcts in the 
cerebellum and occipital lobe, partly matching the CTP  
prediction, but primarily the patient was spared potentially 
larger infarcts in the posterior circulation (see Figure 7).

4  � CT angiography for vessel evaluation. Oblique coronal maximum intensity projections (MIPs) from the early arterial phase of the multiphase 
CT angiography: (4A) 10 mm MIP, demonstrating the markedly stenotic P1 segment of the left posterior cerebral artery and the occluded left 
superior cerebellar artery, reconstructed with 10 mm slice thickness. (4B) 4 mm MIP of the basilar and vertebral arteries, showing retrograde 
filling of the distal right vertebral artery.

4A 4B
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5  � Multiphase CT angiography (mCTA) in three phases. From left to right, images in early arterial (phase 1), arteriovenous (phase 2), and venous 
(phase 3) acquisitions at the level of the circle of Willis. The upper row shows maximum intensity projections (MIPs) of 25 mm slice thickness, 
and the lower row shows the corresponding parenchymal images with 5 mm slice thickness. The arrow in (5A) indicates the occlusion of the 
left posterior cerebral artery. In the downstream vascular territory, a phase shift of the contrast is observed across two phases, with all vessels 
present but not completely filling the entire area. The parenchymal images demonstrate delayed perfusion in the left occipital region and 
partly in the temporal region.

5A

5D

5B

5E

5C

5F

Phase 1 Phase 2 Phase 3

Discussion
The stroke imaging protocol implemented at Karolinska 
University Hospital in Solna, using the dual source  
NAEOTOM Alpha photon-counting CT, offers an integrated 
diagnostic workflow designed to reduce fragmentation in 
acute stroke care. By combining spectral NECT, comprehen-
sive dual source mCTA extending from the diaphragm to 
the vertex, and CTP in selected cases, the protocol aims  
to optimize the “time is brain” window while maximizing 
diagnostic yield. The cases presented herein demonstrate 
the clinical efficacy of this stratified approach, suggesting 
that optimized protocol design may be as important as the 
underlying technology in improving patient management.

The transition from single-phase to multiphase CTA  
is central to this protocol’s utility. Based on our experience 
and as illustrated in Case 1, a standard large vessel occlu-
sion (LVO) often requires no further imaging than the CTA 
to guide clinical decision-making. While CTP provides high 
temporal resolution, it incurs a higher radiation dose and 

generates large data volumes that can be time-consuming 
to process and review. The mCTA protocol offers a favor-
able trade-off, providing the flow dynamic information 
necessary for assessing collateral status without the  
radiation burden associated with perfusion imaging.  
Consequently, CTP is reserved for cases requiring more  
detailed physiological clarification.

The technical capabilities of the photon-counting  
detector and dual source technology facilitate this compre-
hensive approach. Achieving the three mCTA scan phases, 
including thoracic coverage, with a total effective dose of  
approximately 4.6 mSv, suggests that increased diagnostic 
information does not necessitate a prohibitive rise in radia-
tion exposure. The use of a high pitch (1.6) allows for rapid 
acquisition, ensuring separation of temporal windows  
(early arterial, arteriovenous, venous). This enables the  
radiologist to assess tissue viability based on collateral  
filling delays, facilitating immediate triage for thrombec- 
tomy in straightforward cases.
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6  � Selected CT perfusion maps at three axial levels, showing cerebral blood flow (CBF), cerebral blood volume (CBV), time to drain (TTD) and 
automated penumbra/core in columns from left to right respectively. (6A–6D) shows a large perfusion-impaired area in the left occipital lobe 
extending into the medial temporal lobe, with decreased CBF and increased CBV, consistent with penumbra. The middle row (6E–6H) 
demonstrates perfusion impairment in the left cerebellum, likewise with reduced CBF and increased CBV, consistent with penumbra. The 
bottom row (6I–6L) shows perfusion impairment on the right side of the medulla oblongata, with decreased CBF and normal CBV, also 
representing penumbra. A smaller perfusion disturbance medially on the right side in the pons is not shown.

6A

6E

6I

6B

6F

6J

6C

6G

6K

6D

6H

6L
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Integrated cardiac assessment
A distinct feature of this protocol is the inclusion of the 
heart during the initial arterial phase. A significant pro- 
portion of ischemic strokes are cardioembolic or classified 
as an embolic stroke of undetermined source (ESUS).  
Traditionally, identifying the embolic source is a down-
stream process involving echocardiography and telemetry, 
which may be delayed by days. By extending the scan 
range to the diaphragm, the search for etiology is shifted 
to the acute phase.

Case 2 highlights the clinical utility of this extended  
coverage. The identification of the embolic source, such  

7  � Post-thrombectomy MRI confirming 
small infarctions at three axial levels. 
Follow-up MRI after mechanical 
thrombectomy. Each row shows 
diffusion weighted imaging (DWI, 
left) and fluid‑attenuated inversion 
recovery (FLAIR, right) at correspond-
ing axial levels. Small scattered 
hyperintensities, consistent with 
acute infarction, are seen in the  
left occipital lobe and thalamus 
(7A–7B) as well as in the cerebellum 
(7C–7D), while the brainstem is 
spared (7E–7F). The infarct burden  
is markedly smaller than the 
perfusion abnormalities observed  
on the pre-thrombectomy CT 
perfusion study, supporting 
successful reperfusion.

7A 7B

7C 7D

7E 7F

as left atrial appendage thrombi or aortic vegetations 
during the initial workup, allows for the immediate tailor-
ing of secondary prevention strategies, including the  
timing of anticoagulation. Although the scan is non-gated 
to prioritize speed, the high temporal resolution of the  
dual source system sufficiently mitigates motion artifacts 
to render diagnostic images in the majority of patients.  
As reported by Ståhl et al. [6], clinically relevant cardioem-
bolic findings were detected in 4.7% of patients using  
this specific non-gated high-pitch protocol, with incidental 
thoracic findings that could affect patient management  
observed in nearly one-third of the scans. These findings 
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The statements by customers of Siemens Healthineers described herein are based 
on results that were achieved in the customer’s unique setting. Since there is no 
“typical” hospital and many variables exist (e.g., hospital size, case mix, level of
IT and/or automation adoption) there can be no guarantee that other customers 
will achieve the same results.

The products/features (mentioned herein) are not commercially available in all 
countries. Their future availability cannot be guaranteed.
*  Rapid Results Technology refers to tasks from post-processing applications

provided by Siemens Healthineers. These tasks may be displayed on syngo.via 
or via the scanner user interface, depending on configuration or nature of the 
related task. syngo.via is a separate device and not part of the CT scanner.
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suggest that the diagnostic yield of extended coverage  
outweighs the minimal increase in acquisition time and  
radiation, potentially reducing the need for subsequent 
transesophageal echocardiography.

Stratified use of CT perfusion
The protocol employs a stratified, rather than a binary  
approach, to perfusion imaging. While mCTA serves as  
the primary diagnostic tool, Case 3 demonstrates that  
CTP remains a valuable complement to complex presenta-
tions. In this case, CTP provided the diagnostic confidence 
required to intervene in a complex vascular scenario where 
mCTA findings were equivocal. This confirms that CTP 
should not be discarded but reserved for cases where 
mCTA flow dynamics are complex to determine tissue  
viability. Such situations include wake-up strokes where 
physiological perfusion parameters may provide necessary 
adjunctive information. The integration of automated 
post-processing further supports this strategy. With  
core infarct and mismatch maps generated automatically, 
the inclusion of CTP data does not significantly delay the 
workflow.

Implementation considerations 
Implementing this protocol requires specific considerations 
regarding patient selection and interpretation. First, the 
patient population at a comprehensive stroke center is  
often pre-triaged with a higher pre-test probability of LVO, 
justifying the comprehensive nature of our default proto-
col. In centers with lower LVO probabilities, the yield of  
extended protocols must be balanced against throughput 
requirements. Second, while non-gated scanning covering 
the heart is effective for screening, it does not replace  
dedicated cardiac CT; for example, small thrombi may  
be obscured by motion artifacts in patients with high  
heart rates, though the high-pitch technique significantly 
reduces this risk. Finally, while spectral NECT (using Virtual 
Non-Contrast and Iodine maps) aids in differentiating  
hemorrhage from contrast staining, it requires radiologist 
familiarity with spectral datasets.

Conclusion
The Karolinska Stroke Protocol leverages the acquisition 
speed, spatial and contrast resolution, as well as spectral 
capabilities of a dual source photon-counting CT to address 
the traditional trade-offs between coverage, resolution, 
and time. By extending the mCTA to include the heart at  
a comprehensive stroke center, the protocol allows for the 
simultaneous assessment of vessel occlusion and embolic 
etiology. Combined with the selective use of CTP for  
complex scenarios, this approach aims to expedite acute 
revascularization and potentially streamlines the pathway 
from admission to secondary prevention.
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