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a b s t r a c t 

Applications of dual-energy computed tomography and virtual non-contrast technique in 

neuroimaging are still emerging. While the role of DECT in differentiating parenchymal 

hemorrhage and contrast media after mechanical revascularization is well recognized, the 

value of DECT in evaluation of brain ischemia in post resuscitation patients who have re- 

ceived intravenous (IV) iodinated contrast is not well documented. We present a challenging 

case where DECT helped explain hyperattenuation in cortical grey matter and deep grey nu- 

clei as well as cerebellar hemispheres in a comatose patient post cardiac arrest following 

massive pulmonary embolism. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Applications of dual-energy computed tomography (DECT)
and virtual non-contrast (VNC) techniques in neuroimaging
are still emerging. While the role of DECT in differentiating
between brain parenchymal hemorrhage and leaked contrast
media after mechanical revascularization is well recognized
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Fig. 1 – Axial non-contrast CT head images demonstrating areas of subarachnoid hyperdensities termed as 
pseudosubarachnoid appearance due to vascular engorgement secondary to diffuse cerebral edema and underlying history 

of rescusitation from cardiopulmonary arrest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case report 

19-year-old female with no significant past medical history
with only reported medication intake of oral contraceptive
pills initially reported increasing dyspnea for 1-2 weeks pre-
ceding collapse with initial return of consciousness following
bystander cardiopulmonary resuscitation. She subsequently
lost consciousness, and Emergency Medical Services found
her to be in ventricular fibrillation followed by pulseless elec-
trical activity. She underwent pan-CT scanning with IV con-
trast earlier in the management which demonstrated massive
pulmonary embolism resulting in right heart strain and man-
ifestations of multi-organ failure. Within 24-hours of presen-
tation the patient underwent percutaneous pulmonary artery
thrombectomy and inferior vena cava filter placement. Serial
head CTs performed are discussed below. Patient expired, fol-
lowing a short course, from multisystem failure. 

Brain imaging 

Serial CT imaging of the head was obtained ( Fig. 1 ) that
demonstrated worsening diffuse cerebral edema and pseudo
subarachnoid hemorrhage appearance of the cerebral sulci.
A non-contrast CT head obtained less than 12 hours after
initial post-contrast imaging demonstrated, in addition to
more pronounced diffuse sulcal hyperdensity, indeterminate
widespread patchy hyperattenuation of cortical and subcor-
tical regions, left thalamus and cerebellum. These areas of
patchy hyperdensities became increasingly hyperattenuating
on subsequent non-contrast CT head imaging ( Fig. 2 ). Given
the reduced renal function and administration of 180 ml io-
hexol 350 mg iodine/ml intravenous contrast for pulmonary
artery thrombectomy and inferior vena cava filter placement
17 hours prior and 130 ml iohexol 350 mg iodine/ml for CT
angiogram of the head 10 hours prior to repeat CT head
imaging, DECT with VNC images were obtained to differenti-
ate hemorrhage from contrast retention. The fusion images
demonstrated bright areas superimposed on the subarach-
noid spaces as well as over the widespread areas of cortex
and deep grey nuclei including the left thalamus, and cere-
bellum. These areas appeared hypodense on the subtracted
images confirming iodine retention in areas of ischemic brain
parenchyma. 

Discussion 

DECT facilitates material differentiation based on different
peak voltage acquisitions (high and low). Materials demon-
strating equal Hounsfield densities at 120 kVp imaging can be
distinguished by assessing energy dependent changes of at-
tenuation of respective materials [2] . Introduced in 1973 [3] ,
furthered in 1976 [4] and implemented in 2000s [5–7] , various
neurological and non-neurological applications of this tech-
nique have been described [8] . Wiggins et al. proved DECT
utilization to differentiate small intracranial foci of hemor-
rhage from calcium [9] . DECT application in highlighting brain
parenchyma at risk of hemorrhage following intra-arterial
recanalization in stroke patients has been described [ 2 ,10–
12 ]. Application of DECT for assessing ischemic tissue is on
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Fig. 2 – Left column: Non-contrast CT head demonstrates pronounced sulcal hyperdensity as well as hyperdense left 
thalamus, cortical and sub-cortical areas and cerebellum. Mean attenuation value was 103.17 HU in the right parasagittal 
parietal cortex and subcortical region, 109.25 Hounsfield unit (HU) in the left thalamus, and 112.27 HU in the right cerebellar 
hemisphere. Middle and right columns (Dual-Energy CT images): The right sided fused images of the brain demonstrate 
bright areas of contrast retention within the subarachnoid spaces as well as within patchy cortical and sub-cortical areas, 
left thalamus, and cerebellum. The middle subtracted virtual non-contrast (VNC) images demonstrate extensive low 

attenuation in areas of contrast retention consistent with widespread areas of infarction in a pattern consistent with diffuse 
hypoxic-ischemic injury. 
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the horizon with myocardial ischemia and acute bowel is-
chemia currently studied non-neurological indications [13–
16] . To the best of our knowledge no literature has been pub-
lished describing the value of DECT in assessing ischemic
brain parenchyma in post-resuscitation comatose patients.
We present such a case of a 19-year-old comatose patient from
cardiac arrest and multi-organ failure following massive pul-
monary embolism. 

In our case, serial non-contrast CTs of the head demon-
strated progressively increasing attenuation of the subarach-
noid spaces that was attributed to pseudo subarachnoid hem-
orrhage appearance (vascular engorgement) secondary to se-
vere diffuse cerebral edema and recent resuscitation from car-
diopulmonary arrest, as has been previously described [17] .
The presence of patchy extensive non-hemorrhage-like hy-
perattenuation of predominantly cortical and some subcor-
tical areas, left thalamus and cerebellum on the latest non-
contrast CT head, in the setting of previous IV iodinated con-
trast administration, was difficult to explain. Given the un-
derlying presence of renal failure and recent IV contrast ad-
ministration, subsequent CT was obtained using DECT with
VNC technique to definitively assess the subarachnoid and
parenchymal hyperattenuation. Brain parenchymal hyperat-
tenuation following procedures utilizing IV contrast is a com-
mon finding that can be due to hemorrhage and/or con-
trast staining [18] . Endothelial injury results in blood-brain
barrier disruption that allows contrast pooling into the in-
terstitial compartment appearing as parenchymal hyperden-
sity on subsequent CT head exams [19] . Grey matter is vul-
nerable to ischemic insult due to higher metabolic demand.
The injury evolves over the course of days to weeks with
a usual underlying history of resuscitation following cardiac
arrest in this age group [20 ,21] . Our case is unique in that
the hyperattenuating parenchymal areas were extensive and
not territorial as might be expected following revasculariza-
tion, and lacked the typical intraparenchymal hemorrhagic
appearance [22] . 

The VNC technique proved 2 things. First, the subarach-
noid hyperattenuation was from contrast retention within the
vasculature, and second and more importantly, the extensive
hyperattenuating brain parenchymal areas that were bright
on iodine maps were hypodense on the subtracted VNC im-
ages representing ischemic tissue retaining contrast. The VNC
images confirmed underlying areas of brain infarction with
extensive hypoattenuation in a pattern typical of diffuse hy-
poxic/ischemic insult. Hence DECT helped reveal widespread
cerebral and cerebellar infarctions by confirming contrast re-
tention in the areas of infarction. 

Conclusion 

In conclusion, DECT with VNC is valuable in assessing brain
parenchymal hyperdensities seen on a non-contrast CT in
the setting of post resuscitation hypoxic/ischemic injury with
prior history of IV iodine contrast administration. It differen-
tiates contrast retention from hemorrhage and reveals under-
lying parenchymal infarction. 
Patient Consent 

Written informed consent for all pertinent details of this case
was obtained from patient’s representative. 
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