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Acute infarction after mechanical 
thrombectomy is better delineable 
in virtual non-contrast compared to 
conventional images using a dual-
layer spectral CT
Isabelle Riederer   1, Alexander A. Fingerle1, Thomas Baum   2, Jan S. Kirschke   2, Ernst J. 
Rummeny1, Peter B. Noël   1 & Daniela Pfeiffer1

The aim was to evaluate Virtual Non-Contrast (VNC)-CT images for the detection of acute infarcts in the 
brain after mechanical thrombectomy using a dual-layer spectral CT. 29 patients between September 
2016 and February 2017 with unenhanced head spectral-CT after mechanical thrombectomy and 
available follow-up images (MRI, n:26; CT, n:3) were included. VNC-CT and conventional CT (CT) images 
were reconstructed using dedicated software. Based on those, contrast-to-noise ratio (CNR), and the 
volume of infarction were measured semi-automatically in VNC-CT, CT and MRI. Furthermore, two 
readers independently assessed the VNC-CT and CT images in a randomized order by using the ASPECT 
score, and inter-rater reliability, sensitivity and specificity were calculated. CNR was significantly higher 
in VNC-CT compared to CT (3.1 ± 1.5 versus 1.1 ± 1.1, p < 0.001). The mean estimated volume of 
infarction was significantly higher in VNC-CT compared to CT (72% versus 55% of the volume measured 
in MRI, p < 0.005). Inter-rater reliability was higher in VNC-CT compared to CT (0.751 versus 0.625) 
and sensitivity was higher in VNC-CT compared to CT (73% versus 55%). In conclusion, acute ischemic 
lesions after mechanical thrombectomy are better definable in VNC-CT compared to CT images using a 
dual-layer spectral CT system.

In the last years, spectral imaging methods1 have been increasingly used in research and clinical practice to evalu-
ate simultaneously anatomy and tissue composition. There are different dual-energy spectral imaging approaches: 
e.g. two different scans using different kVp (e.g. 80 and 140 kVp), one fast scan switching between two different 
kVp2, or dual x-ray sources3. Recently, a novel type of spectral dual-energy imaging approach has been intro-
duced, which is based on a dual-layer detector system that identifies photons of low and high energy simultane-
ously4. This system is able to acquire spectral data in each CT scan per default without additional radiation doses 
or the need to alter x-ray tube parameters. All spectral CT data can be analyzed retrospectively without special 
scan protocols. Post-processing using a dedicated software can generate Virtual Non-Contrast (VNC)-CT images 
without iodine, and iodine density overlay maps.

Unenhanced head CT is commonly performed after mechanical thrombectomy of ischemic stroke patients 
to assess for early complications such as haemorrhage5. However, the differentiation between haemorrhage 
and extravasation of iodinated contrast agent, due to a disrupted blood brain barrier, is often difficult, as they 
exhibit similar Hounsfield units (HU). Some studies have already shown that this differentiation is possible 
with dual-energy spectral CT6–8. Another point of interest, while evaluating control CT scans after mechanical 
thrombectomy, is the early assessment of infarction development for prediction of outcome and adjustment of 
therapy management. The larger the ischemic area is, the higher the risk of future haemorrhage9. Often it is diffi-
cult to delineate acute infarction in unenhanced CT, especially in the early stages due to low CNR, and follow-up 
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images or diffusion-weighted images in magnetic resonance imaging (MRI) are necessary, which could delay 
diagnosis. Other investigates illustrated in initial studies that delineation of acute infarction can be performed by 
analyzing VNC-CT compared to CT images using dual-energy CT10,11.

The purpose of our study is to evaluate the potential of dual-layer detector spectral CT for the detection of 
acute infarction in the brain after mechanical thrombectomy by comparing VNC-CT and CT images.

Results
Contrast-to-noise-ratio.  Acute ischemic lesions appear more hypodense in VNC-CT compared to CT 
images with significantly higher CNR (VNC-CT: 3.1 ± 1.5 compared to CT: 1.1 ± 1.1, p < 0.001). Figure 1 illus-
trates examples of three patients after mechanical thrombectomy. Please note the developing infarctions (white 
arrows), which are clearer visible in VNC-CT images compared to CT images.

Volume measurements.  The mean estimated volume of infarction was significantly higher in VNC-CT 
compared to CT images (VNC-CT: 28 ± 51 cm³ versus CT: 21 ± 49 cm³; 72% versus 55% of the volume measured 
in MRI, p < 0.005).

ASPECT Score.  The inter-rater reliability between reader 1 and 2 using cohen’s kappa was higher in 
VNC-CT compared to CT images (VNC-CT: 0.751 versus CT: 0.625 (ASPECT); VNC-CT: 0.726 versus CT: 
0.686 (pc-ASPECT). The inter-rater reliability for each reader comparing VNC-CT or CT images with the 
gold standard DWI-MRI for the ASPECT or pc-ASPECT score was also higher in VNC-CT compared to 
CT images (Table 1), with fair agreement between CT and DWI-MRI (κ = 0.23) and moderate agreement 
between VNC-CT and DWI-MRI (κ = 0.51) for ASPECT score and almost comparable results for pc-ASPECT 
(κ = 0.39–0.45).

Sensitivity and specificity.  Table 2 lists the sensitivity and specificity values for the detection of acute 
infarction by both readers analyzing VNC-CT or CT images, separately for the ASPECT score and pc-ASPECT 

Figure 1.  Examples of unenhanced head spectral CT images of patients after mechanical thrombectomy. 
Please note the acute developing infarctions (white arrows), which are better visible in Virtual Non-Contrast 
(VNC)-CT images (in the middle) compared to conventional images (left). Follow-up MRI as gold standard on 
the right side with (A) 2.9 d; (B) 1.5 d and (C) 2.4 d after spectral CT. (A) 49 year old male 13 h after successfull 
revascularization (TICI 3) of a thrombus in the left M1-Segment. (B) 88 year old male patient 12 h after 
successfull revascularization (TICI 3) of a thrombosis in the terminal carotid segment and M1-Segment on the 
right side. (C) 80 y old male patient 12 h after successfull revascularization (TICI 2b) of a thrombosis in the M1-
Segment on the left side.
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score. The sensitivity was higher in VNC-CT compared to CT images for both readers [VNC-CT: 73% [95% CI: 
64–80] versus CT: 54–55% [95% CI: 45–64]. The specificity was 99–100% [95% CI: 98–100] in both VNC-CT and 
CT images for both readers.

Discussion
The results of our study show that VNC-CT images produced by a dual-layer spectral CT enable a better delinea-
tion of acute infarction after mechanical thrombectomy compared to conventional CT images with significantly 
higher CNR, volume estimation compared to the gold standard DWI-MRI, and higher sensitivity and better 
inter-rater reliability.

The results of our study are generally in conformance with two previous studies analyzing VNC-CT images of 
dual-energy CTs10,11. They concluded that VNC-CT images allow better detection of acute ischemia than conven-
tional CTs. The novelty of our study is the first use of a dual-layer spectral CT that has the advantage to acquire 
spectral data without additional radiation doses or alteration of x-ray tube parameters. The radiation dose of the 
head CT scan in our study was relatively low with 1.9 mSv, compared to the other studies where the radiation dose 
was 2.3 mSv10. A major difference which could have an influence of stroke detection in CT is the exact time point 
of the CT scan. In our study, the control CT scans were performed around 12 h after the interventional procedure 
(13 ± 6 h, according to the standard operation procedure of our hospital), whereas other studies evaluated stroke 
delineation in DECT 24 h11 and 1h10 after mechanical thrombectomy. In our study, we have seen a very good 
agreement for the estimation of ischemic brain volume using DECT and MRI as a gold standard. Additionally, we 
also included patients with an occlusion of the basilar artery and added the pc-ASPECT Score for the analysis of 
the posterior circulation.

The better delineation of infarction in VNC-CT images compared to CT images could be explained due to 
the disrupted blood brain barrier of ischemic lesions with extravasation of iodinated contrast agent, which is 
injected intra-arterially during the recanalization procedure. The contrast agent could mask the soft hypoden-
sity of ischemic lesions in the conventional CT in the early stages whereas the hyperdense signal of the iodi-
nated contrast agent disappears in VNC-CT images and reveal the developing infarction. As ischemic lesions 
appear more hypodense in VNC-CT images compared to conventional CT images, the contrast between 
ischemic lesions and non-affected tissue is higher in VNC-CT images. The noise of the non-affected tissue is 
comparable in conventional and VNC-VT images. This effect is desirable and improves delineation of infarc-
tion. In accordance to this consideration, the calculated CNR was higher in VNC-CT images compared to 
conventional CT images.

One group12 studying the contrast enhancement and contrast extravasation in ischemic stroke patients after 
intraarterial thrombolysis described a persistence of the extravasated contrast medium in the 24 h control CT. 
Therefore, it seems assumable that the iodinated contrast agent rests for some time in the brain tissue and is not 
resorbed within the next 12 h – the timepoint of our CT scans. This seems to be a good explanation for the pro-
nounced hypodensity of ischemic lesions in the VNC-CT images.

With this technique, developing ischemic lesions can be depicted earlier compared to conventional CT 
and may improve therapy management and prediction of outcome. Additionally, in the future, imaging might 
become even more sensitive with photon-counting CT. First results of photon-counting CT scans of the brain 

ASPECT pc-ASPECT

VNC
Reader 1 0.511 0.447

Reader 2 0.514 0.442

CT
Reader 1 0.232 0.440

Reader 2 0.234 0.391

Table 1.  Inter-rater reliability (cohens kappa) for comparison between Virtual Non-Contrast (VNC)-CT and 
conventional CT images with goldstandard DWI-MRI for reader 1 and 2 separately.

ASPECT

Sensitivity 
[95% CI]

CT

Specificity 
[95% CI]

CTVNC-CT VNC-CT

Reader 1 79% [70–86] 60% [50–70] 99% [96–100] 99% [97–100]

Reader 2 78% [69–86] 56% [46–66] 99% [96–100] 98% [95–100]

pc-ASPECT

Reader 1 40% [19–64] 26% [9–51] 100% [98–100] 100% [99–100]

Reader 2 40% [16–68] 38% [15–64] 100% [99–100] 100% [99–100]

Total

Reader 1 73% [64–80] 55% [46–64] 99% [98–100] 100% [99–100]

Reader 2 73% [64–80] 54% [45–64] 100% [98–100] 99% [98–100]

Table 2.  Sensitivity and specificity of Virtual Non-Contrast (VNC)-CT and conventional CT images for reader 
1 and 2.
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have recently been published13 showing greater gray-white matter contrast compared with conventional CT. 
Furthermore, the improvement of the delineation of ischemic lesions might have an impact on studies comparing 
the outcome of different recanalization techniques as the estimated infarction volume is closer to the reality using 
VNC-CT compared to conventional CT.

Limitations: This study has a retrospective design and the total number of patients was relatively small. 
Another limitation was the temporal delay of 2.4 days between CT and follow-up MRI as gold standard. During 
this delay, the ischemic areas could have expanded.

To conclude, acute ischemic lesions after mechanical thrombectomy are better definable in VNC-CT images 
compared to CT images as produced by a dual-layer spectral CT with significantly higher CNR, sensitivity, vol-
ume estimation and higher inter-rater reliability.

Material and Methods
Patients.  Between September 2016 and February 2017, 56 patients underwent unenhanced computed tomog-
raphy (CT) of the head within the standard clinical protocol as a matter of routine. Within this group, 29 patients 
had been examined after mechanical thrombectomy (13 ± 6 h) (15 female, 14 male, age range 42–90 y, mean 
age 72 ± 14 y), having available follow-up imaging (MRI, n: 26; CT, n: 3; 57 ± 46 h after spectral CT). The latter 
group of 29 patients were included into our study, data were anonymized and analyzed retrospectively with the 
approval of the local ethics committee. The study was conducted in accordance with the 2013 revised Declaration 
of Helsinki. The pattern of vessel occlusion was in 24 cases in the anterior circulation (ICA or terminal carotid 
segment, n: 7; M1, n: 13; M2, n: 4) and in 5 cases in the posterior circulation (basilar artery) with TICI score 
“3/2b” in 28 cases, and “0” in 1 case.

Imaging acquisition.  CT was performed on a dual-layer spectral CT (IQon spectral CT, Philips Healthcare, 
USA) with 120 kVp and 260 mAs. Post-processing was performed using a dedicated software (IntelliSpace Portal 
v6.5.0.02901, Philips, Healthcare, USA). The VNC-CT images without iodine and the conventional CT images 
were generated from spectral data sets, reformatted with 5 mm slice thickness and reoriented in a standard man-
ner in the anterior commissure – posterior commissure plane. For both, the conventional CT and VNC-CT 
images, we used a sharp filter kernel for the brain (UC). The conventional CT images were reconstructed using 
iterative reconstruction (iDose4), whereas the VNC-CT images were reconstructed using a special spectral recon-
struction mode. In both cases, level 2 was used, therefore the images were considered comparable and image 
analysis was performed. Follow up images were available of a 3 T MRI (Philips, Achieva) or a conventional CT 
(Brilliance, Philips Healthcare, USA; Somatom, Siemens Healthineers, Germany). The effective radiation dose 
was calculated by multiplying the dose-length product (840 [mGy*cm]) by a conversion coefficient (0.0023 mSv 
mG-1cm-1) for the head according to European guidelines (Quality criteria for computed tomography, EU report 
16262. Luxembourg: Commission of the European Communities, 1999, available from http://www.drs.dk/guide-
lines/ct/quality). The effective radiation dose was 1.9 mSv.

Imaging analysis.  The imaging data were analyzed retrospectively on a standard PACS workstation 
(Sectra Workstation IDS7, Version 17.1.18.3596, Sectra Healthcare). Small circular region of interest (ROI) 
(8–12 mm²) were drawn in the centre of the ischemic area in CT and VNC-CT images consulting additionally 
diffusion-weighted images of follow-up MRI or follow-up CT and in the corresponding contralateral unaffected 
brain tissue in order to measure mean densities of the Hounsfield units (HU). We carefully tried to avoid areas of 
haemorrhagic transformations or iodine extravasation. Furthermore, contrast-to-noise ratio (CNR) was calcu-
lated according to following formula:

= − ‐ ‐CNR (S S )/SD ,lesion non affected tissue non affected tissue

where Slesion and Snon-affected tissue represent the mean signal in a ROI in the ischemic lesion and normal-appearing 
brain tissue in the corresponding contralateral side, respectively. SDnon-affected tissue is the standard deviation of the 
normal-appearing brain tissue in the contralateral side.

Furthermore, the volume of infarction was estimated by one reader in VNC-CT and CT images and MRI or 
follow-up CT in a randomized order, semi-automatically using the IS Portal (IntelliSpace Portal v. 5.02.40009, 11. 
Sep 14, Philips Healthcare Netherlands).

Additionally, two experienced readers independently assessed the VNC-CT and CT images in a randomized 
order regarding the presence of acute ischemic lesions using the ASPECT score14 for infarction in the area of the 
medial cerebral artery or the posterior circulation (pc)-ASPECT score15 for the territory of the basilar artery. 
Sensitivity and specificity were calculated.

Statistical analysis.  Paired student’s t-test was used for the comparison of the CNR and differences between 
estimated volume measurements. Significant differences were defined by a p < 0.05. Cohen’s kappa was calcu-
lated to determine inter-observer variability of the qualitative evaluation using the (pc-) ASPECT scores, with 
values < 0 indicating no agreement; 0–0.20: slight; 0.21–0.40: fair; 0.41–0.60: moderate; 0.61–0.80: substantial 
and 0.81–1.0: almost perfect agreement.

Data Availability.  The datasets analyzed during the current study are available from the corresponding 
author on reasonable request.

http://www.drs.dk/guidelines/ct/quality
http://www.drs.dk/guidelines/ct/quality


www.nature.com/scientificreports/

5SCIeNTIfIC REPOrTS |  (2018) 8:9329  | DOI:10.1038/s41598-018-27437-7

References
	 1.	 McCollough, C. H., Leng, S., Yu, L. & Fletcher, J. G. Dual- and Multi-Energy CT: Principles, Technical Approaches, and Clinical 

Applications. Radiology 276, 637–653, https://doi.org/10.1148/radiol.2015142631 (2015).
	 2.	 Goodsitt, M. M., Christodoulou, E. G. & Larson, S. C. Accuracies of the synthesized monochromatic CT numbers and effective 

atomic numbers obtained with a rapid kVp switching dual energy CT scanner. Med Phys 38, 2222–2232, https://doi.org/10.1118/ 
1.3567509 (2011).

	 3.	 Flohr, T. G. et al. First performance evaluation of a dual-source CT (DSCT) system. European radiology 16, 256–268, https://doi.
org/10.1007/s00330-005-2919-2 (2006).

	 4.	 Altman, A. & Carmi, R. TU-E-210A-03: A Double-Layer Detector, Dual-Energy CT — Principles, Advantages and Applications. 
Medical Physics 36, 2750–2750, https://doi.org/10.1118/1.3182434 (2009).

	 5.	 Mokin, M. et al. Intracerebral hemorrhage secondary to intravenous and endovascular intraarterial revascularization therapies in 
acute ischemic stroke: an update on risk factors, predictors, and management. Neurosurg Focus 32, E2, https://doi.
org/10.3171/2012.1.FOCUS11352 (2012).

	 6.	 Tijssen, M. P. et al. The role of dual energy CT in differentiating between brain haemorrhage and contrast medium after mechanical 
revascularisation in acute ischaemic stroke. European radiology 24, 834–840, https://doi.org/10.1007/s00330-013-3073-x (2014).

	 7.	 Phan, C. M., Yoo, A. J., Hirsch, J. A., Nogueira, R. G. & Gupta, R. Differentiation of hemorrhage from iodinated contrast in different 
intracranial compartments using dual-energy head CT. AJNR. American journal of neuroradiology 33, 1088–1094, https://doi.
org/10.3174/ajnr.A2909 (2012).

	 8.	 Gupta, R. et al. Evaluation of dual-energy CT for differentiating intracerebral hemorrhage from iodinated contrast material staining. 
Radiology 257, 205–211, https://doi.org/10.1148/radiol.10091806 (2010).

	 9.	 Selim, M. et al. Predictors of hemorrhagic transformation after intravenous recombinant tissue plasminogen activator: prognostic 
value of the initial apparent diffusion coefficient and diffusion-weighted lesion volume. Stroke; a journal of cerebral circulation 33, 
2047–2052 (2002).

	10.	 Djurdjevic, T. et al. Prediction of infarction development after endovascular stroke therapy with dual-energy computed tomography. 
European radiology, https://doi.org/10.1007/s00330-016-4412-5 (2016).

	11.	 Gariani, J. et al. Diagnosis of acute ischemia using dual energy CT after mechanical thrombectomy. J Neurointerv Surg 8, 996–1000, 
https://doi.org/10.1136/neurintsurg-2015-011988 (2016).

	12.	 Yoon, W. et al. Contrast enhancement and contrast extravasation on computed tomography after intra-arterial thrombolysis in 
patients with acute ischemic stroke. Stroke; a journal of cerebral circulation 35, 876–881, https://doi.org/10.1161/01.STR.0000120726. 
69501.74 (2004).

	13.	 Pourmorteza, A. et al. Photon-Counting CT of the Brain: In Vivo Human Results and Image-Quality Assessment. AJNR. American 
journal of neuroradiology 38, 2257–2263, https://doi.org/10.3174/ajnr.A5402 (2017).

	14.	 Pexman, J. H. et al. Use of the Alberta Stroke Program Early CT Score (ASPECTS) for assessing CT scans in patients with acute 
stroke. AJNR. American journal of neuroradiology 22, 1534–1542 (2001).

	15.	 Puetz, V. et al. Extent of hypoattenuation on CT angiography source images predicts functional outcome in patients with basilar 
artery occlusion. Stroke; a journal of cerebral circulation 39, 2485–2490, https://doi.org/10.1161/STROKEAHA.107.511162 (2008).

Acknowledgements
This work was supported by the German Research Foundation (DFG) and the Technical University of Munich 
within the funding programme Open Access Publishing.

Author Contributions
I.R. wrote the main manuscript text and prepared Figure 1. I.R. and T.B. analyzed the data. I.R., A.A.F., T.B., J.S.K., 
E.J.R.; P.B.N., and D.M. reviewed the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1148/radiol.2015142631
http://dx.doi.org/10.1118/1.3567509
http://dx.doi.org/10.1118/1.3567509
http://dx.doi.org/10.1007/s00330-005-2919-2
http://dx.doi.org/10.1007/s00330-005-2919-2
http://dx.doi.org/10.1118/1.3182434
http://dx.doi.org/10.3171/2012.1.FOCUS11352
http://dx.doi.org/10.3171/2012.1.FOCUS11352
http://dx.doi.org/10.1007/s00330-013-3073-x
http://dx.doi.org/10.3174/ajnr.A2909
http://dx.doi.org/10.3174/ajnr.A2909
http://dx.doi.org/10.1148/radiol.10091806
http://dx.doi.org/10.1007/s00330-016-4412-5
http://dx.doi.org/10.1136/neurintsurg-2015-011988
http://dx.doi.org/10.1161/01.STR.0000120726.69501.74
http://dx.doi.org/10.1161/01.STR.0000120726.69501.74
http://dx.doi.org/10.3174/ajnr.A5402
http://dx.doi.org/10.1161/STROKEAHA.107.511162
http://creativecommons.org/licenses/by/4.0/

	Acute infarction after mechanical thrombectomy is better delineable in virtual non-contrast compared to conventional images ...
	Results

	Contrast-to-noise-ratio. 
	Volume measurements. 
	ASPECT Score. 
	Sensitivity and specificity. 

	Discussion

	Material and Methods

	Patients. 
	Imaging acquisition. 
	Imaging analysis. 
	Statistical analysis. 
	Data Availability. 

	Acknowledgements

	Figure 1 Examples of unenhanced head spectral CT images of patients after mechanical thrombectomy.
	Table 1 Inter-rater reliability (cohens kappa) for comparison between Virtual Non-Contrast (VNC)-CT and conventional CT images with goldstandard DWI-MRI for reader 1 and 2 separately.
	Table 2 Sensitivity and specificity of Virtual Non-Contrast (VNC)-CT and conventional CT images for reader 1 and 2.




