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Bilateral congenital hydronephrosis  
associated with hypertension in an infant
Prof. Jan Baxa, MD, PhD
Department of imaging methods, University Hospital Pilsen and Medical Faculty of Charles University, 
Pilsen, Czech Republic

History
A 5-month-old baby, suffering from 
severe hypertension, was presented 
to the hospital. Ultrasound examina-
tion showed bilateral congenital  
hydronephrosis. Dynamic renal  
scintigraphy revealed a significant  
reduction of the right renal parenchy-
ma along with a symmetric split 
function of 32%. A vesicoureteral  
reflux (VUR), grade IV, passive and 
active, and a moderate hypofunction 
were shown on the left. A contrast 
CT scan of the abdomen and pelvis 
was performed with a dual source 
photon-counting detector (PCD) CT, 
NAEOTOM Alpha.Pro, to rule out  
renovascular etiology of the hyper-
tension prior to pyeloplasty. 

Diagnosis
CT images showed three renal  
arteries – two on the left and one  
on the right – all free from stenosis. 
An accessory artery, originating off 
the right side of the aorta, between 
the celiac artery (CA) and the supe
rior mesenteric artery (SMA), was 
seen, departing upwards to the left 
hepatic lobe. Other arteries, within 
the scope of the examination, were 
unremarkable. The aorta appeared 
slender. Bilateral hydronephrosis  
was seen, more severe on the right, 
showing a marked reduction of  
the renal parenchyma with a loss  
of corticomedullary differentiation.  
The renal pelvis was 27 mm wide, 
with a thickened wall of 4 mm on  
the right and 20 mm on the left.  
No dilation was seen in the bilateral 
ureters. The catheterized bladder  

was empty. There was no free intra-
peritoneal fluid. An ureteropelvic 
junction obstruction was suspected 
and subsequently confirmed by a 
successful translumbar pyeloplasty 
surgery (Anderson-Hynes).  
The patient recovered well and  
remained normotensive during  
regular surveillance.

Comments
Hypertension in infants can be 
caused by renovascular or renal  
parenchymal disease, such as  
renal artery stenosis or congenital  
hydronephrosis. If the renovascular 
etiology is ruled out, the hyperten-
sion can be normalized following a 
relief of the ureteropelvic junction 
obstruction, one of the most  
common causes of congenital  
hydronephrosis, by pyeloplasty.

CT angiography (CTA) is performed 
for vascular imaging in infants due  
to its non-invasive nature. However, 
there are multifold challenges.  
Firstly, images need to be acquired  
at free breathing, if anesthesia is  
not desired, as infants are incapable 
of cooperating with breathing  
command. Secondly, high spatial  
resolution is needed to visualize  
the tiny vascular structures, such as 
renal arteries. Thirdly, as infants  
are vulnerable to radiation, the dose 
applied should be as low as reason-
ably achievable (ALARA). And if renal 
function is impaired, such as in this 
case, a reduction of the contrast 
agent must be considered as well.

This case is performed with a  
new dual source PCD CT,  
NAEOTOM Alpha.Pro. It allows for  
a fast-scanning speed of 491 mm/s, 
enabling a complete acquisition of 
288 mm in 0.56 s with 66 ms tempo-
ral resolution per image. There are 
no motion artifacts observed in the 
images acquired at free breathing.  
70 kV X-ray tube voltage was auto-
matically selected by the system,  
in combination with virtual mono
energetic image reconstruction at  
low keV (55 keV). These settings  
contribute to the improvement of  
image contrast, which is further  
enhanced by the intrinsically higher 
iodine contrast of a PCD-CT, and to 
the reduction of radiation dose. Three 
tiny renal arteries as well as a small 
hepatic accessory artery are depicted, 
providing important information  
for surgical planning. Renal artery 
stenosis is successfully ruled out,  
using only 12 mL of contrast agent 
and 1 mGy radiation dose, owing  
to a combination of high spatial  
resolution, fast speed acquisition and  
increased contrast enhancement. 

The statements by customers of Siemens Healthineers 
described herein are based on results that were 
achieved in the customer’s unique setting. Because 
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.
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1  � A coronal MPR image (Fig. 1a) shows bilateral hydronephrosis, more severe on the right, with a marked thickening of the pelvic wall. 
A MIP image (Fig. 1b, anterior view) and a cVRT image (Fig. 1c, posterior view) show three renal arteries, two on the left (arrows) and 
one on the right (dotted arrow), without signs of stenosis. An accessory artery (arrowhead), originating off the aorta on the right, 
between the CA and the SMA, is seen, departing upwards to the left hepatic lobe. 

2  � MIP images show three renal arteries – one on the right (Fig. 2a, dotted arrow) and two on the left (Fig. 2b & 2c, arrows) –  
all free from stenosis. 

1a 1b 1c

2a 2b 2c

Scanner NAEOTOM Alpha.Pro

Scan area Abdomen/pelvis

Scan mode Flash scan (Quantum)

Scan length 287.6 mm

Scan direction Cranio-caudal

Scan time 0.56 s

Tube voltage 70 kV

Effective mAs 96 mAs

IQ level 120

Dose modulation CARE Dose4D

CTDIvol 1.1 mGy

DLP 36 mGy*cm

Rotation time 0.25 s

Pitch 3.2

Examination Protocol

Slice collimation 96 × 0.4 mm

Slice width 0.4 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Bv40, QIR 4

keV level 55 keV

Spectral reconstruction Monoenergetic Plus

Contrast 350 mg/mL

Volume 12 mL + 20 mL saline

Flow rate 2.3 mL/s

Start delay Bolus tracking triggered at 
350 HU in the descending 
aorta + 3 s

Abdominal imaging  ·  Case report
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A pancreatic ductal adenocarcinoma with 
perineural invasion – intraductal spread  
and hepatic metastasis?
Jingyi Liu, MD1; Prof. Liang Zhu, MD1; Xi Zhao, MD2; Prof. Feng Feng, MD1

1 �Department of Radiology, Peking Union Medical College, Beijing, P. R. China
2 �Siemens Healthineers, China

History
A 47-year-old male patient,  
complaining of persistent upper  
abdominal pain for the past month, 
presented himself to the hospital  
for a check-up. An initial contrast- 
enhanced CT examination was  
performed on a conventional energy-
integrating detector (EID) CT.  
This revealed an ill-defined hypo
enhancing mass in the pancreatic 
body, accompanied by distal pancre-
atic atrophy, dilation of the main  
pancreatic duct, splenic vein occlu-
sion and collateral vessel formation. 
Two critical diagnostic concerns 
emerged: (1) heterogeneous  
attenuation within the adjacent main 
pancreatic duct raising suspicion of 
an intraductal tumor spread; (2) a  
~5 mm hypoattenuating lesion in  
the hepatic segment IV, exhibiting  
indistinct margins and equivocal  
enhancement, raised concerns about 
a potential metastasis. With informed 
consent, another contrast-enhanced 
CT scan was performed three weeks 
later using an ultra-high resolution 
(UHR) mode with a photon-counting 
detector (PCD) CT, NAEOTOM Alpha, 
for further evaluation.

Diagnosis
Virtual monoenergetic images (VMI), 
displayed at 50 keV, revealed a dis-
tinctly delineated tumor with clear 
margins (39 × 24 mm in axial plane; 
24 mm height in coronal view) in  
the pancreatic body, causing notably 
encasement of the splenic artery  

and occlusion of the splenic vein. 
Thickening and enhancement of  
the left celiac ganglion, not shown  
in previous EID CT, were seen as  
suspicious of a metastasis. Both  
prior imaging ambiguities were  
clearly resolved – the fluid attenua-
tion within the main pancreatic  
duct was homogeneous, therefore 
ruling out intraductal tumor spread, 
and the hepatic lesion in segment IV 
was non-enhancing with a sharp  
delineation characterizing a cyst.

A pancreatic ductal adenocarcinoma 
with perineural invasion (metastasis 
of the left celiac ganglion) was sug-
gested and subsequently confirmed 
by pathological analysis after a  
successful radical distal pancreatec-
tomy with splenectomy and a  
partial portal vein reconstruction. 
The patient recovered uneventfully.

Comments
Accurate preoperative imaging is  
crucial in pancreatic cancer, yet  
conventional EID CT often struggles 
to delineate tumor boundaries and 
assess adjacent structures – particu-
larly in hypo- or isoattenuating  
lesions – leading to potential mis-
judgments in resectability. [1]

PCD-CT offers significant technical 
advances, including improved spatial 
resolution, reduced image noise  
and intrinsic spectral imaging. [2,3] 
These features enhance tumor  

conspicuity and allow improved  
visualization of both vascular and 
neural invasion. Emerging evidence 
has suggested that PCD CT outper-
forms conventional EID CT in abdom-
inal imaging, supporting its growing 
value in preoperative assessment  
and surgical planning. [4,5] 

In this case, these advantages  
translated into clear clinical impact 
– PCD CT not only improved tumor 
conspicuity and delineation of  
peripancreatic neural invasion, but 
also confidently resolved two critical 
diagnostic ambiguities: the suspect-
ed intraductal tumor spread and the 
potential hepatic metastasis, either 
of which could have altered surgical 
management.

These benefits were achieved 
through the use of an UHR scan 
mode, in which small sub-pixels are 
defined by electric fields rather than 
physical separations and are read  
out separately to increase the spatial 
resolution with improved geometrical 
dose efficiency of the detector.  
Simultaneously, spectral information 
was acquired, allowing for increased 
image contrast by displaying VMI  
at low keV (50 keV in this case).  
This unique combination provides 
improved image sharpness and  
contrast-to-noise ratio, helping the 
characterization of small lesions  
and anatomical details, especially  
in soft tissue. These UHR images  
are also optimized for in-depth  
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three-dimensional image rendering, 
using cinematic volume rendering 
technique (cVRT), facilitating  
communication with the clinicians.  
It is also worth noting that a Flash 
mode (pitch of 2.35) with a collima-
tion of 96 x 0.2 mm is performed  
to achieve a fast acquisition of the 
arterial phase (2.8 s), using the ad-

vantage of dual source CT scanning, 
further improving the visualization  
of vascular details. 

This case highlights how the combi-
nation of ultra-high spatial resolu-
tion with low-keV spectral imaging 
can translate into actionable diag-
nostic confidence, enabling not only 

1  � Axial images acquired during the arterial (Figs. 1a & 1b, EID at 1 mm, PCD at 0.4 mm) and venous phases (Figs. 1c & 1d,  
3 mm) show a comparison of CT findings in the pancreas in EID (Figs. 1a & 1c) and PCD CT images (Figs. 1b & 1d). The fluid 
attenuation within the main pancreatic duct (arrows) adjacent to the tumor appears heterogeneous in EID CT images, 
however, clearly homogeneous in PCD CT images, ruling out the suspicion of an intraductal tumor spread. The tumor  
is distinctly delineated with clear margins in the PCD CT images (dotted arrows). Note the improved contrast in PCD CT 
images using VMIs displayed at 50 keV.

1a

1c

1b

1d
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accurate local staging in pancreatic 
cancer but also better-informed  
surgical strategies through  
enhanced visualization of critical  
anatomical details. 
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2  � A hypoattenuating lesion in the hepatic segment IV, exhibiting indistinct margins and equivocal enhancement in an EID CT image 
(Fig. 2a, arrow), is clearly characterized as a non-enhancing, sharply delineated cyst in a PCD CT image (Fig. 2b, arrow).  
Both images are reconstructed at 1 mm, displayed at same window settings. The image noise is notably less in the PCD CT image. 

2a 2b

3  � Thickening and enhancement of the left celiac ganglion, not shown in an EID CT image (Fig. 3a, arrow, 1 mm), is clearly seen in  
a PCD CT image (Fig. 3b, arrow, 0.4 mm), indicating a metastasis. It is also confirmed by pathological analysis after surgery. Both  
images are displayed at same window settings. Note the improved contrast in the PCD CT image using a VMI displayed at 50 keV.

3a 3b
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Scanner NAEOTOM Alpha

Scan area Abdomen  
(Arterial / Venous phase)

Scan mode UHR (Quantumplus,  
Flash mode / Quantumplus)

Scan length 507.6 mm

Scan direction Cranio-caudal 

Scan time 2.8 / 7.0 s

Tube voltage 120 kV

Effective mAs 158 / 123 mAs

IQ level 220

Dose modulation CARE Dose4D

CTDIvol 12.9 / 9.8 mGy

DLP 671 / 513 mGy*cm

Rotation time 0.25 s

Pitch 2.35 / 0.75

Examination Protocol

Slice collimation 96 × 0.2 / 120 × 0.2 mm

Slice width 0.2 / 0.4 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Br44 / Bv44 / Bv48 / Qr48

keV level 50 keV, QIR 3

Spectral reconstruction VMI

Contrast 370 mg/mL

Volume 84 mL + 20 mL saline

Flow rate 4 mL/s

Start delay 1. Arterial phase:  
Bolus tracking triggered  
at 100 HU in the abdominal  
aorta + 10 s  
2. Venous phase:  
32 s after the arterial phase

4  � cVRT images show a distinctly delineated tumor in the pancreatic body (Fig. 4a, arrow), causing notably encasement of the splenic 
artery (Fig. 4c, arrow), and occlusion of the splenic vein (Fig. 4d, arrow). The left celiac ganglion (Fig. 4b, arrow), thickened and 
enhanced, is confirmed as a metastasis by pathological analysis after surgery. Images reconstructed at 0.2 mm with a sharp kernel of 
Bv48 are used to create these cVRT images. 

4a 4b

4c 4d
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Small bowel infarction secondary  
to an acquired diaphragmatic hernia 
Nicholas H. Shaheen, MD1; Maxwell Stroebel, MD1; Cynthia Welsh, MD2; Barry Gibney, DO3; Andrew D. Hardie, MD1

1 �Department of Radiology and Radiological Sciences, The Medical University of South Carolina, Charleston, SC, USA
2 �Department of Pathology, The Medical University of South Carolina, Charleston, SC, USA 
3 �Department of Surgery, The Medical University of South Carolina, Charleston, SC, USA

History
A 75-year-old male patient, with a  
history of esophagectomy 10 years 
ago, presented to the emergency  
department with an acute onset of 
epigastric pain radiating to the left 
upper quadrant, chest pain, obsti
pation and numerous episodes of  
vomiting. On physical examination, 
the patient was diaphoretic and tachy-
cardic, showing guarding in the upper 
abdomen. Laboratory results revealed 
a lactate level of 3.0 mmol/L, an  
estimated GFR of > 60 and a WBC of 
11. A CT examination of the abdomen 
and pelvis with contrast was immedi-
ately performed for evaluation.

Diagnosis
CT images revealed multiple dilated 
loops of small bowel herniating into 
the thoracic cavity through a defect 
in the left hemidiaphragm. A thin rim 
of hyperdensity within the wall of  
the herniated bowel loops was seen 
in the images reconstructed conven-
tionally, indeterminate of mucosal 
enhancement (suggesting no isch-
emia) or hemorrhage within the sub-
mucosa (suggestive of infarction).  
In the assessment of spectral imaging 
data, a complete lack of enhance-
ment within the herniated loops of 
bowel was shown in the iodine maps, 
compatible with infarction. 

The hyperdensity in the bowel wall 
was present in the virtual non-contrast 
(VNC) images, suggestive of hemor-
rhage in the submucosa. With this 

added spectral information, a  
diagnosis of small bowel infarction  
was made, and the patient was taken 
rapidly to surgery for small bowel  
resection. Pathological evaluation  
on the resected bowel confirmed  
complete bowel necrosis with hemor-
rhagic blood products throughout  
all bowel layers and sloughing of the 
mucosa. The patient recovered with 
good outcome.

Comments
Bowel infarction refers to vascular 
compromise of portions of the bowel. 
It can occur secondarily to an  
acquired diaphragmatic hernia in  
patients with prior surgery due to  
altered anatomy, such as this case. 
The initial clinical presentations in-
cluding physical exam and laboratory 
abnormalities are usually nonspecific. 
However, the progress from an initial 
necrosis of the bowel wall to a final 
sepsis and multiorgan failure can  
go rapidly. Treatment is often  
surgical and imaging is relied upon 
for rapid diagnosis. In recent years, 
CT has largely replaced conventional 
angiography due to rapid access and 
accuracy. On CT imaging, ischemic 
segments of bowel are often found  
to have a different density and  
enhancement compared to non- 
ischemic segments. However, the 
subtlety of positive image findings 
may go underappreciated and can 
lead to unnecessary delay or even 
misdiagnosis. In this case, the thin 

1  � A coronal view of a VRT image shows  
herniated loops of small bowel 
(arrow) into the left thoracic cavity.

1
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rim of hyperdensity demonstrated  
in the bowel wall could have been  
interpreted as normal mucosal  
enhancement in viable bowel.  
However, its presence in the VNC  
images and absence in the iodine 
maps characterize an infarction.  
The added spectral information  
improves reader confidence, and 
then, taking into account the clinical 
and laboratory findings, a rapid  
diagnosis can be made which is  
essential for the patient to receive 
prompt treatment. 

The CT scan was performed  
with NAEOTOM Alpha®, a newly  
developed CT scanner with  
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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. Because 
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.

photon-counting detectors. It pro-
vides energy-resolved CT data with  
a high spatial resolution, without 
electronic noise. [1] 

The availability of spectral imaging 
data in routine scans is one of the 
major improvements in workflow. 
Conventional CT image reading can 
be freely switched to spectral image 

Scanner NAEOTOM Alpha

Scan area Abdomen/Pelvis

Scan mode QuantumPlus

Scan length 426 mm

Scan direction Cranio-caudal 

Scan time 7 s

Tube voltage 120 kV

Effective mAs 161 mAs

Dose modulation CARE Dose4D

CTDIvol 12.6 mGy

DLP 584 mGy*cm

Rotation time 0.5 s

Pitch 0.8

Slice collimation 144 x 0.4 mm

Slice width 3 mm

Reconstruction increment 3 mm

Reconstruction kernel Br36f

Spectral reconstruction VNC, iodine map

Examination Protocol

Contrast 350 mg/mL

Volume 94 mL + 39 mL saline

Flow rate 3 mL/s

Start delay Bolus tracking triggered  
at 100 HU in the abdominal 
aorta + 5 s

2  � A contrast enhanced axial image (Fig. 2a) shows a thin rim of hyperdensity within the wall of the herniated bowel loops (arrows), 
which are also seen in the VNC image (Fig. 2b), but not seen in the iodine map (Fig. 2c), suggesting submucosal hemorrhage, 
compatible with infarction.

2a 2c2b
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uptake, i.e., blood perfusion, with 
distinctive image findings. 

reading with just one mouse click, 
making the assessment of diagnostic 
information more efficient and fast. 
As presented in this case, spectral  
CT may overcome the traditional  
shortcomings of conventional CT  
in detecting bowel infarction by  
adding iodine-sensitive information, 
enabling the differentiation of hem-
orrhage from true contrast-material 

Reference
[1] �Thomas Flohr, Martin Petersilka,  

Andre Henning, Stefan Ulzheimer,  
Jiří Ferda, Bernhard Schmidt.  
Photon-counting CT review.  
Physica Medica 79 (2020) 126–136.
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Triple-rule-out evaluation of acute chest pain 
using single source photon-counting CT
Lili Száraz, MD; Sámuel Beke, MD; Kristóf Nagy, MD; Barnabás Baksa, MD; 
Péter Hegedűs, MD, PhD; Prof. Pál Maurovich-Horvat, MD, PhD
Medical Imaging Centre, Semmelweis University, Budapest, Hungary

History
A 50-year-old male patient presented 
to the emergency department (ED) 
with massive hemoptysis, dyspnea, 
and chest pain. The patient’s medical 
history included multiple cardiac  
risk factors and adverse events,  
including hypertension, chronic  
obstructive pulmonary disease,  
previous myocardial infarction, and 
mitral valvuloplasty. Notable physical 
exam findings included tachypnea, 
spastic respiratory sounds with left-
sided crepitations, and diaphoretic 
skin. Laboratory findings revealed el-
evated inflammatory markers, high-
sensitivity Troponin T, and D-dimer 
levels. Given the high suspicion of 
pulmonary embolism (PE), a targeted 
chest CT angiography (CTA) was  
performed, using ECG-gated helical 
acquisition with standard-resolution 
scan mode, to confirm the PE and 
evaluate the bronchial arteries, guid-
ing further potential embolization 
therapy.

Diagnosis
The multiphase chest CTA confirmed 
a left-sided PE complicated by infarct 
pneumonia (see Figure 2). Thrombo-
lytic therapy was not indicated, as 
determined in consultation with  
the intensive care unit. Likewise, 
bronchial artery embolization was 
considered unnecessary, since the 
hemoptysis was attributed to the  
severe infarct pneumonia. Empirical 
antibiotic therapy was initiated and 
later escalated to a combination of  
piperacillin–tazobactam and metroni-
dazole. Due to significant hemopty-

sis, anticoagulation was adminis-
tered at a reduced dose; nevertheless, 
anti-Xa levels remained within the 
therapeutic range. The chest CTA  
additionally revealed a left hilar mass 
infiltrating the pulmonary branches 
of the left lower lobe (see Figure 2), 
as well as a smaller, round lesion 
closely adherent to the pericardium 
at the base of the right lung. On  
a one-month follow-up scan, the  
left-sided mass had resolved, while 
the right-sided benign-appearing  
lesion remained unchanged. On a 
three-month follow-up scan, no ma-
lignancy was found, the atelectasis 
and consolidations showed signs of 
regression, however the segmental 
and subsegmental emboli were still 
visible. 

Comments
While the ability of triple-rule-out-CT 
(TRO-CT) to rule out disorders in all 
three vascular beds (pulmonary em-
bolism, PE; aortic dissection, AD; and 
coronary artery disease, CAD) has 
been demonstrated [1], a gap re-
mains in the literature regarding the 
clinical impact of TRO-CT. Araoz P.A. 
et al. found that, based on accepted 
clinical risk scores, 65%  
of their patient cohort warranted 
work-up for at least two of either  
PE, AD or CAD suggesting that a  
large subset of patients would bene-
fit from a comprehensive test like 
TRO-CT [2], even though the mean 
radiation dose (23.8 ± 12 mSv; 
range: 3.7–84.1 mSv) and contrast 
media usage (144.6 ± 31.2 mL; 

range: 54-360 mL) varied widely.  
On the other hand, Takx et al. found 
that TRO-CT may reduce the length 
of stay and costs in ED in appropriate 
patients, but no difference in the  
diagnosis of PE, AD, or CAD was  
observed between TRO-CT versus 
standard-of-care strategies [3].  
Currently, no major US or EU guide-
lines recommend routine TRO-CT as 
the initial ED test for undifferentiated 
acute chest pain, due to the limited 
contemporary comparative evidence. 
This case report serves as a refer-
ence, suggesting that PCD-CT may 
help revive the TRO-CT paradigm.

In this case, the targeted chest  
CTA enabled the use of a TRO-CT 
equivalent methodology. Therefore, 
the entire thoracic aorta was included 
in the scan range and timing was  
set to achieve optimal enhancement 
in the aorta and pulmonary arteries. 
Due to the high spatial resolution  
of the photon-counting detector,  
the coronary arteries could also be 
accurately evaluated. 

The fine spatial detail (0.4 mm slice 
thickness) enabled an accurate  
evaluation of the coronary arteries  
to rule out severe CAD (as part of the 
differential diagnosis of chest pain) 
(see Figure 1). The use of advanced 
image reconstruction algorithms, 
such as ZeeFree, combined with  
the preview series function, resulted 
in only minor motion artifacts on  
the acquired scans, despite the high 
heart rate variability (Minimum: 86, 
Maximum: 158, average: 110).  

Case report  ·  Cardiovascular imaging
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1  � Cinematic volume rendering technique (cVRT) image of the heart (a) and curved 
multiplanar reconstructions of the coronary arteries (b-d). (b) represents the right 
coronary artery, (c) represents the left main and left anterior descending (LAD) 
coronary artery, while (d) represents the left main and left circumflex coronary  
artery. The arrow indicates a complete myocardial bridge on the middle LAD.  
Note the excellent visualization of the coronary arteries despite high and irregular 
heart rate (e).
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[3] �Takx, R.A.P., et al., In-Hospital Cost 
Comparison of Triple-Rule-Out Computed 
Tomography Angiography Versus 
Standard of Care in Patients With Acute 
Chest Pain. J Thorac Imaging, 2020. 
35(3): p. 198–203.

Detector-based quantum spectral  
imaging capabilities (lung analysis 
reconstruction) made it impressively 
fast to detect lung perfusion deficits 
caused by the PE and aided further 
therapy decision-making by down-
grading disease severity. A fair dose 
length product (636 mGy*cm)  
was achieved during the chest CTA,  
utilizing the NAEOTOM Alpha.Prime 
CT scanner with an optimized  
protocol, serving as a true “one- 
stop-shop” TRO-CT examination. 

1a

1e

1d1b 1c
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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. Because 
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.

Scanner NAEOTOM Alpha.Prime

Scan area Chest

Scan mode QuantumPlus

Scan length 325.95 mm

Scan direction Cranio-caudal 

Scan time 4.881 s

Tube voltage 140 kV

Effective mAs 281.15 mAs

IQ level 64

Dose modulation CARE Dose4D

CTDIvol 22.4 mGy

DLP 636 mGy*cm

Rotation time 0.25 s

Pitch 0.29

Slice collimation 0.40 mm

Slice width 57.60 mm

Reconstruction increment 0.2 mm (cardiac),  
1 mm (lung)

Reconstruction kernel Bv44 (cardiac), Qr40 (lung)

keV level 70 (cardiac), 55 (lung)

Spectral reconstruction VMI, Lung Analysis, VNC,  
Iodine 

Heart rate 110 (range: 86–158)

Contrast 350 mg/mL

Volume 80 mL + 50 mL saline

Flow rate 4.5 mL/s

Start delay Bolus tracking triggered  
at 200 HU in the ascending 
aorta

Examination Protocol

2b

2  � Coronal maximum intensity projection (MIP) image of the 
pulmonary vasculature (a) demonstrates a filling defect in the 
lower part of the left pulmonary artery. Volume rendering 
technique (VRT) reconstructions (b, c) depict the pulmonary 
vessel arborization: In (b), a cross-sectional view, the filling 
defect is visible in the left pulmonary artery (arrow). In (c),  
an oblique view, the embolus is highlighted in blue, while  
the consolidations in the lung can also be appreciated (small 
arrows).

2a

2c
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Cardiovascular imaging  ·  Case report

Multiple coronary stents – in-stent restenosis?
Le Qin, MD, PhD1; Haipeng Dong, MD1; Fuhua Yan, MD, PhD1,2; Xi Zhao, MD3; Wenjie Yang, MD, PhD1

1 Department of Radiology, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, P. R. China
2 College of Health Science and Technology, Shanghai Jiao Tong University School of Medicine, Shanghai, P. R. China
3 Siemens Healthineers, China

History
A 71-year-old male patient with a  
history of coronary stenting came  
to the hospital for a regular follow- 
up. Four stents had been implanted, 
namely in the left main (LM), proxi-
mal and middle left anterior descend-
ing (LAD) and the circumflex (Cx) 
coronary arteries. A coronary CT  
angiography (CCTA) was performed 
on a dual source photon-counting 
detector (PCD) CT scanner, NAEOTOM 
Alpha®, using an ultra-high resolu-
tion (UHR) scan mode (Quantum  
HD Cardiac), to assess the coronary 
stent patency and plaque burden. 

Diagnosis
UHR CCTA images showed three  
interconnected stents – one in the  
LM and proximal LAD (4 mm), two  
in the middle LAD (3 mm and 2.75 
mm) – all were patent without any 
evidence of in-stent restenosis (ISR).  
Another single stent in the proximal 
Cx (3.5 mm) was seen with signs  
of intimal hyperplasia in the mid  
portion, causing a less than 50%  
narrowing of the lumen. Multiple  
calcified plaques in the proximal and 
distal Cx, the second obtuse marginal 
branch and the right coronary artery 
(RCA), as well as two mixed plaques 
in the mid RCA were seen, causing 
mild stenosis. CT findings were  
classified as CAD-RADS 2/S.  
Coronary ISR was ruled out and,  
as the patient was asymptomatic,  
no further invasive work-up was  
considered necessary.

Comments
Coronary ISR is defined as a higher 
than 50% re-narrowing of the previ-

ously stented arterial lumen, requir-
ing revascularization. It is frequently 
encountered, due to stent-related, 
procedure-related and biological  
factors. Intracoronary imaging,  
such as angiography, intravascular 
ultrasound (IVUS) and optical coher-
ence tomography (OCT) have been 
performed to identify and character-
ize the underlying mechanisms and 
substrate of ISR and to guide clinical 
management. [1] CCTA assessment 
for the patency of coronary stents, 
using conventional energy-integrat-
ing detector (EID) CT, has been  
limited to a borderline of 3 mm  
stent diameter in the American  
Heart Association guidelines,  
due to the challenge of blooming  
artifacts caused by stent struts. [2]  
Potential improvement has been 
shown with the introduction of  
a UHR scan mode provided by a  
dual source PCD-CT, NAEOTOM  
Alpha. In the PCD, an electric field, 
instead of physical separation as  
in an EID, is applied to define smaller 
detector sub-pixels which are  
read out separately to increase the 
spatial resolution while retaining 
geometrical dose efficiency. In the 
dual source PCD-CT, UHR data acqui-
sition is achieved at a temporal  
resolution of 66 ms. A recent study 
using this mode achieved a 100% 
negative predictive value for  
coronary stent patency evaluation 
against invasive angiography as  
the reference standard. [3] 

In this case, an ISR is ruled out in  
the UHR images (0.2 mm, kernel 
Bv72), as the hypodense intimal  
hyperplasia causing a less than  
50% narrowing of the lumen,  

is clearly visualized. However, when 
images are reconstructed at 0.6 mm 
with a kernel of Bv48, simulating  
a standard image reconstruction in 
CCTA with an EID-CT, an ISR could 
have been diagnosed leading to the 
necessity of further invasive work-up. 
The combination of high spatial  
and temporal resolution provided  
by PCD-CT effectively improves the  
visualization of coronary stents,  
minimizing the blooming interfer-
ence caused by calcified plaques  
and stent struts.[4] This helps the 
physicians to make a confident  
assessment of the stent patency  
and the appropriate decision on  
patient management. 
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1  � A curved MPR image (Fig. 1a) shows three interconnected stents in the LM and  
LAD without evidence of ISR. The stent struts and the components of calcified and 
mixed plaques outside the stents are visually well distinguished. A single stent  
in the proximal Cx (Fig. 1b) is seen with signs of intimal hyperplasia in the mid 
portion (arrow), causing a less than 50% narrowing of the lumen. Multiple calcified 
plaques in the proximal and distal Cx and the RCA (Fig. 1c), as well as two mixed 
plaques (dotted arrows) in the mid RCA are present, causing mild stenosis.

2  � Curved MPR images, reconstructed with standard images (Fig. 2a) and UHR images 
(Fig. 2b), show an imaging comparison of the stent in the proximal Cx. In standard 
image, the intimal hyperplasia in the mid portion of the stent appears to cause an 
ISR, while in UHR image, a less than 50% narrowing of the lumen is clearly shown, 
ruling out an ISR. 

3  � A cinematic VRT image rendered  
with UHR images shows a three-
dimensional view of the coronary  
tree with the stents and the calcified 
plaques highlighted in blue. 

2a

3a

2b

1a 1c1b
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Scanner NAEOTOM Alpha

Scan area Heart

Scan mode UHR mode  
(Quantum HD 
Cardiac),  
Retrospectively 
ECG gated  
spiral scan

Scan length 148 mm

Scan direction Cranio-caudal 

Scan time 8.1 s

Tube voltage 120 kV

Effective mAs 40 mAs

IQ level 64

Dose modulation CARE Dose4D

CTDIvol 20.5 mGy

DLP 332 mGy*cm

Rotation time 0.25 s

Pitch 0.19

Slice collimation 120 x 0.2 mm

Slice width 0.2 mm

Reconstruction  
increment

0.2 mm

Reconstruction  
matrix

768 x 768

Reconstruction  
kernel

Bv72, QIR 4

Heart rate 59 bpm

Contrast 400 mg/mL

Volume 75 mL + 43 mL 
saline

Flow rate 4.3 mL/s

Start delay Bolus tracking 
triggered at  
80 HU in the  
ascending aorta  
+ 7 s

Examination Protocol

The statements by customers of Siemens  
Healthineers described herein are based on  
results that were achieved in the customer’s 
unique setting. Because 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.
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Cardiovascular imaging  ·  Case report

An adult type of  
Bland-White-Garland syndrome
Lili Száraz, MD1; Zsolt Szedlacsek, MD2; Jenő Ferenc Szolnoky, MD, PhD2;  
Prof. Pál Maurovich-Horvat, MD, PhD, MPH1

1 �Semmelweis University, Medical Imaging Center, Budapest, Hungary
2 �Gottsegen National Cardiovascular Center, Budapest, Hungary

History
A 47-year-old female patient, com-
plaining of effort dyspnea, came to 
the hospital for a check-up. Physical 
examination revealed an ejection 
murmur at the apical and left para-
sternal region. An ECG at rest showed 
marked ST depression and negative  
T waves (strain type) in leads I, aVL, 
V5 and V6. An ergometry test was 
performed, however it had to be  
terminated, due to significant hori-
zontal ST depression in multiple 
leads. A performed echocardiography 
showed a slightly dilated left ventricle 
with a mid-range ejection fraction 
(EF, 44%) and systolic function. A  
cardiac CT angiography (CCTA) was 
performed on a photon-counting CT, 
NAEOTOM Alpha, to assess the  
coronary arteries. 

Diagnosis
CCTA images showed an anomalous 
origin of the left main coronary  
artery (LM), arising posteriorly from 
the main pulmonary artery (MPA) 
above the pulmonary valve. The  
LM was ectatic, branching into the 
left anterior descending (LAD) artery 
and the circumflex (Cx). Both of 
which were also dilated. A connec-
tion between the proximal Cx and 
the MPA was seen. The right coronary 
artery (RCA), dilated and tortuous, 
was dominant with a normal origin. 
An enlarged descending septal artery 
(DSA), branching out of proximal 
RCA, was visualized. The LAD and  
the posterior descending artery 
(PDA) were distally connected.  

Collateral formation between the 
posterior lateral branch (PLB) and  
the Cx was evident. The left ventricle 
(LV) was slightly dilated. There were 
no extracardiac findings as well as  
no signs of coronary atherosclerosis 
or lumen narrowing. A Bland-White-
Garland syndrome was diagnosed. 

Subsequently, the patient under-went 
surgical repair at an external institu-
tion, where the cardiac surgery team 
performed a LM reconstruction and 
closed the connections both between 
the LM and the MPA, and the proxi-
mal Cx and the MPA. Postoperative 
imaging on an energy-integrating  
detector (EID) CT scanner confirmed  
a healthy coronary ostium without 
severe stenosis. The patient was sent 
to rehabilitation therapy and has now 
fully recovered.

Comments
Bland-White-Garland syndrome,  
also known as anomalous left  
coronary artery arising from the  
pulmonary artery (ALCAPA), is  
one of the most serious congenital 
coronary artery anomalies. If left  
untreated, approximately 90% of  
infants die within their first life year. 
Manifestation in adults occurs only 
in rare cases, presenting symptoms 
of chronic myocardial ischemia,  
arrhythmias, heart failures or even 
sudden cardiac arrest. Curative  
treatment is surgical repair. CT  
imaging is noninvasive, allowing  
for direct visualization of the anoma-
lous origin, course of the coronary 
arteries and collateral formation, 
providing important information  
for treatment planning.

1  � A cVRT image (Fig. 1a) and an oblique MPR image (Fig. 1b) show an anomalous origin 
of the LCA, arising posteriorly from the MPA (arrows). A connection between the 
proximal Cx and the MPA (Fig. 1a, dotted arrow) is also seen. The LV is slightly dilated.

1a 1b
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3b

4b

3  � cVRT images show an enlarged DSA branching out of the proximal RCA (arrows). Both left and right  
coronary arteries are dilated and tortuous.

4  � cVRT images show a reconstructed LM (arrows) with a healthy ostium without severe stenosis. 

2  � cVRT images show a dilated and tortuous RCA and its branches. The LAD and the PDA are distally  
connected (Fig. 2a, arrow). A collateral between the PLB and the Cx (Fig. 2b, arrow) is also seen.

Case report  ·  Cardiovascular imaging
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Scanner NAEOTOM Alpha

Scan area Heart

Scan mode Prospective ECG triggered se-
quential mode (Quantum Plus)

Scan length 128.4 mm

Scan direction Cranial-caudal

Scan time 3.7 s

Tube voltage 120 kV

Effective mAs 21 mAs

IQ level 60

Dose modulation CARE Dose4D

CTDIvol 8.9 mGy

DLP 115 mGy*cm

Rotation time 0.25 s

Slice collimation 126 × 0.4 mm

Examination Protocol

Slice width 0.4 mm

Reconstruction increment 0.4 mm

Reconstruction kernel Bv40, QIR3

keV level 55 keV

Heart rate 65–68 bpm

Contrast 400 mg/mL

Volume Four-phasic injection protocol:
• 10 mL pure saline
• 55 mL pure CM
• 30 mL (40% CM, 60% saline)
• 30 mL pure saline

Flow rate 5 mL/s

Start delay Bolus tracking triggered at 
150 HU in the left atrium + 4 s

This case was performed on a dual 
source, photon-counting detector 
(PCD) CT, NAEOTOM Alpha. It pro-
vides a combination of high spatial 
and temporal resolution, enabling 
the acquisition of small details,  
such as collateral formation.  
Spectral information, available in 
routine scans, allows image display 
at low keV (55 keV in this case)  
enhancing image contrast. The  
optimal image quality achieved  
can also be demonstrated in three 
dimensions, with improved depth 
and shape perceptions, using  

The statements by customers of Siemens Healthineers 
described herein are based on results that were 
achieved in the customer’s unique setting. Because 
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.

cinematic volume rendering tech-
nique (cVRT). This facilitates the  
communication with the surgeons, 
and subsequent surgical planning. 
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A dens fracture –  
invisible to visible
Csaba Ellák Siket, MD; Nikolett Marton, MD, PhD; Ibolyka Dudás, MD
Semmelweis University, Medical Imaging Center, Budapest, Hungary

Case report  ·  Musculoskeletal imaging

History
A 65-year-old male patient, struck  
by a car while cycling, was admitted 
to the Department of Traumatology. 
The patient had no recollection  
of the incident and his vital parame-
ters had remained stable during 
transportation. There were no  
observed sensory or motor deficits. 
A CT scan was performed on an  
energy-integrating detector (EID)  
CT, which revealed multiple fractures 
of the cervical spine. 24 hours later, 
a control CT examination was per-
formed on a newly introduced single 
source photon-counting detector 
(PCD) CT, NAEOTOM Alpha.Prime,  
for assessment.

Diagnosis
PCD CT images revealed a non- 
displaced, unstable fracture of  
the base of the C2 dens (IIIA –  
C2 type A N0), [1] which was not  
seen in the previous EID CT images 
(Fig. 1). Other findings, including 
dislocated fractures of the left  
anterior and posterior arches of  
the C1 vertebra (Jefferson fracture) 
and a left massa lateralis avulsion 
fracture with the dens axis dislo
cated to the left (IIB – C1 type B N0) 
(Fig. 2); [2] [3] fractures of the  
foramina transversaria of the  
C3 (left, dislocated) and the C4 
(right, non-dislocated) (type A0 N0),  
the spinous processes of the C4  
and C6 (type A0 N0), bilateral arcus 
of the C7 (type A0 BL F1) and  
the head of the first rib on the left  
(Fig. 3), showed no noticeable 

changes. AO classification was  
applied. [4] 

The patient underwent conservative 
treatment with a collar. A follow-up  
3 months later showed no progres-
sion or instability.

Comments
Fractures of C2 dens, or odontoid 
process, are commonly classified  
by the Anderson and D’Alonzo  
classification system. A fracture at 
the base of the dens, such as this 
case, is classified as Type 2. This  
type of fracture is unstable due to  
its location and the potential of  
displacement or non-union. If  
not recognized in time, it could  
potentially lead to serious health  
impairment or an increased risk of  
mortality especially in older adults.

In this case, the dens fracture, not 
shown in EID CT images acquired  
at 0.625 mm, is depicted in PCD CT 
images acquired at 0.4 mm, owing  
to an increased spatial resolution. 
PCD has a smaller pixel electrode 
size, which decreases the partial  
volume effects and blooming arti-
facts. Its detector elements are  
separated by electric fields, instead 
of physical separators applied in  
EID, resulting in an increased effi-
ciency of X-ray photon utilization  
and signal-to-noise ratio. 

The high-resolution images, acquired 
routinely at thin slices and recon-
structed with a sharper kernel for 

cervical spine, can also be used to 
create three dimensional images, 
with cinematic rendering technique 
(cVRT), for an in-depth, lifelike  
visualization of the fractures in detail. 
This facilitates the communication 
between physicians and helps  
in treatment planning. In trauma  
settings, PCD CT, with its increased 
spatial resolution in routine scans, 
may benefit the clinical outcome  
of the patients. 

The statements by customers of Siemens Healthineers 
described herein are based on results that were 
achieved in the customer’s unique setting. Because 
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.
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1  � A fracture of the base of the C2 dens (arrows), not seen in the EID CT images (right), is clearly seen in the  
PCD images (left). The visibility of the fracture line is improved in the thin slab MIP images (Figs. 1g and 1h). 

Musculoskeletal imaging  ·  Case report
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Scanner NAEOTOM Alpha.Prime 

Scan area Cervical spine

Scan mode Quantumplus

Scan length 182.6 mm

Scan direction Cranio-caudal 

Scan time 2 s

Tube voltage 140 kV

Effective mAs 145 mAs

IQ level 195

Dose modulation CARE Dose4D

Examination Protocol

CTDIvol 16.5 mGy

DLP 351 mGy*cm

Rotation time 0.5 s

Pitch 0.8

Slice collimation 144 × 0.4 mm

Slice width 0.4 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Br60

2  � An axial image (Fig. 2a) 
and a cVRT image (Fig. 2b) 
show dislocated fractures 
of the anterior and 
posterior arches of C1  
and a left massa lateralis 
avulsion fracture (arrow), 
with the dens axis 
dislocated to the left. 

3  � cVRT images show 
fractures (arrows) of the 
C1, C2 dens, foramina 
transversaria of the C3  
and the C4, spinous 
processes of the C4 and 
C6, bilateral arcus of the 
C7 and the head of the 
first rib on the left. 

2a

3a

2b

3b
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FOOSH injury with screw  
fixation of the scaphoid
Ronald Booij, Ph.D.; Prof. Edwin Oei, MD, Ph.D.
Department of Radiology & Nuclear Medicine, Erasmus MC, Rotterdam, The Netherlands

History
A 20-year-old male patient had under-
gone surgery with a screw fixation  
of the scaphoid after a FOOSH (fall  
on outstretched hand) injury, 5 years 
ago. A revision surgery of the screw 
had had to be performed 4 years later, 
due to non-union of the fracture.  
A follow-up CT showed unclear bone 
structure around the screw with the 
presence of metal artifacts. Further 
evaluation was needed and performed 
using an ultra-high resolution (UHR) 
scan mode (Quantum HD) on a newly 
installed photon-counting CT (PCCT) 
scanner (NAEOTOM Alpha®) in our 
hospital.

Diagnosis
The UHR CT images showed a  
scaphoid fracture with the fixation 
screw in situ. The fracture in the 
scaphoid was still largely visible, with 
a sclerotically bordered fracture line. 
Minimal central bridging was shown; 
however, there was no obvious  
consolidation. Lucency at the tip of 
the screw, as well as in various parts 
around the screw, was visualized,  
signifying screw loosening. The 
screw protruded proximally into the 
radiocarpal joint with an impression 
of slight usuration of the head of  
the screw into the radius. There were 
no signs of osteolysis or evidence  
of migration of the screw. Early  
osteoarthritic changes of the radio-
carpal and the scaphotrapezio
trapezoid (STT) joint were present.  
A slight dorsal tilting of the lunate 
was seen with a subtle increase in 
scapho-lunar distance compared  
to lunatum-triquetrum distance.
In summary, CT findings suggested 
central, discrete bony bridging, with-

out clear consolidation, and screw 
loosening. Subsequently, the patient 
was scheduled for a surgical revision. 

Comments
Scaphoid fractures due to a FOOSH 
injury are quite common. Non-union 
of the fracture may remain if the  
healing process is compromised 
which may then impact the wrist 
function. There are various techniques 
that can be applied for fracture  
fixation, one such is a screw fixation. 
CT follow-ups are often performed  
to confirm the bony union or non-
union, to assess the screw position 
and to help surgical planning. [1-3] 
The opportunities of CT imaging  
are four-fold: high spatial resolution  
is required to visualize the trabecular 
bridging differentiating bony union 
from non-union; metal artifacts must 
be minimized to allow assessment  
of the bone structure around metal  
implants, confirming or ruling out 
loosening; low radiation dose is  
needed to reduce the exposure in  
repeated scans and last but not least, 
high quality three-dimensional dem-
onstrations are helpful to determine 
the intra-scaphoid angle and elements 
of scaphoid collapse for surgical  
planning, as well as for an illustrative 
communication towards clinicians, 
but also especially to the patients. 

This case is performed on NAEOTOM 
Alpha, a newly developed PCCT  
scanner, providing energy-resolved 
CT data at improved spatial resolution, 
without electronic noise. [4] The  
spatial resolution is improved by  
using an ultra-thin slice collimation  
of 120 x 0.2 mm. Although it is  
traditionally known that thin-slice  
images are associated with higher  

image noise and not suitable for  
3D image rendering, it is shown in 
this case that with PCCT even images 
acquired at 0.2 mm with low dose 
and reconstructed with a very sharp  
kernel of Br89 (with a 2% value of  
the modulation transfer function  
of 31 lp/cm) have low image noise. 
This is facilitated by UHR scan data 
acquisition at full dose efficiency 
without additional combs or grids  
to reduce the detector aperture,  
and further image noise reduction  
by a refined model based iterative  
reconstruction (Quantum Iterative  
Reconstruction, QIR). Therefore,  
UHR images are optimal for a  
photo-realistic 3D visualization using 
cinematic volume rendering  
technique (cVRT). Anatomical details 
such as the trabecular bone structure 
surrounding the fracture of the 
scaphoid can be appreciated. Metal 
artifacts reduction surrounding  
the screw helps the radiologist to 
clearly visualize the lucency and  
confirm the screw loosening with  
enhanced diagnostic confidence. 

Furthermore, the electronic noise  
of a PCCT is eliminated by setting  
up a predefined digital threshold for 
counting well above the noise floor. 
As the electronic noise is dominant  
at low X-ray flux, its absence has a 
particular impact on low-dose CT, 
such as scanning with an integrated 
special tin filter. This case was  
acquired at the initial phase of our 
learning curve on PCCT, when we 
were still quite conservative about 
dose reduction. It didn’t take us long 
to realize the potential of the scanner 
– we have further reduced the dose 
by half (3.5–4 mGy), in our routine 
scan protocol for wrist imaging, and 
the image quality remains optimal. 
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1  � MPR images (Fig. 1a & 1c) and cVRT 
images (Fig. 1b & 1d), reconstructed 
parallel to the screw, show lucency  
on the tip of the screw and in various 
parts around the screw, confirming 
screw loosening. Metal artifact 
reduction surrounding the screw is 
remarkable, and the trabecular bone 
structure surrounding the fracture  
can be appreciated. The fracture in the 
scaphoid is still largely visible, with  
a sclerotically bordered fracture line. 

1a 1b

1c 1d

The statements by customers of Siemens  
Healthineers described herein are based on  
results that were achieved in the customer’s  
unique setting. Because 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.

Scanner NAEOTOM Alpha

Scan area Wrist

Scan mode Quantum HD 

Scan length 48.3 mm

Scan direction Caudo-cranial 

Scan time 3.5 s

Tube voltage Sn140 kV

Effective mAs 216 mAs

Dose  
modulation

CARE Dose4D

CTDIvol 7.8 mGy

DLP 65.3 mGy*cm

Rotation  
time

0.5 s

Pitch 0.4

Examination Protocol

Slice  
collimation

120 x 0.2 mm

Slice width 0.2 mm

Reconstruction 
increment

0.1 mm

Reconstruction 
kernel

Br89, QIR3
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A massive primary cerebral  
ALK-positive anaplastic large cell  
lymphoma in an adolescent
Xiangyu Liu, RT1; Jiaxu Wei, RT1; Xi Zhao, MD2;  Ji Wang, RT1

1 �Department of Radiology, Shanghai Jiao Tong University School of Medicine Affiliated Renji Hospital,  
Shanghai, P. R. China

2 �Siemens Healthineers, China

History
A 15-year-old male patient, complain-
ing of a growing lump on the right  
of his forehead over the past 20 days, 
came to the hospital for a check-up. 
He was otherwise asymptomatic. His 
medical history was unremarkable. 
Physical examination revealed no  
abnormalities. A contrast-enhanced 
CT scan was performed with a dual 
source photon-counting CT (PCCT), 
NAEOTOM Alpha, using an ultra-high 
resolution (UHR) scan mode, for as-
sessment. 

Diagnosis
CT images showed an expansive 
frontotemporal mass, measuring 
66 mm x 65 mm in size, protruding 
into the right orbit, the right frontal 
sinus and subcutaneously. It was 
also compressing the right lateral 
ventricle, shifting the cerebral mid-
line and both the anterior cerebral 
arteries (ACA) leftwards, and the 
right middle cerebral artery (MCA) 
backwards, and causing bone ero-
sion of the squamous part of the 
right temporal bone and postero
lateral orbital wall. The mass, homo-
geneous and slightly hyperdense  
in the virtual non-contrast (VNC)  
images, showed uniformed contrast 
enhancement in the virtual mono
energetic images (VMI) displayed at 
55 keV, as well as in the iodine maps, 
with multiple hyperdense foci inside. 
Hypodense areas around the mass 
were seen, suggesting edema. The 
intraorbital segment of the optic 

nerve was compressed, however,  
not invaded. CT findings suspected a  
meningioma. A MRI was suggested 
for further assessment, also suspect-
ing a meningioma. A lymphoma  
was considered in the differential  
diagnosis, however, there were no 
typical signs in either CT or MRI. 

Subsequently, the patient under-
went surgical removal of the mass.
Histologic and immunophenotypic 
findings revealed an anaplastic large 
cell lymphoma (ALCL), anaplastic-
lymphoma-kinase (ALK) positive. 
The patient recovered well and was 
discharged two weeks later with 
scheduled outpatient follow-ups. 

Comments
Primary ALCLs, occurring in the 
central nervous system (CNS), are  
extremely rare. They tend to occur 
in children and young adults, pre­
dominantly male patients, with  
a prognosis correlated with ALK posi-
tivity. A favorable course has been 
exhibited in younger patients with 
ALK-positive ALCL. As the imaging 
characteristics are atypical, diagnosis 
and differential diagnosis are difficult 
with traditional imaging alone, 
especially when the tumor is massive 
and invasive, such as in this case. 

A unique combination of high spatial 
resolution and spectral information, 
provided by PCCT, is helpful in visual-
izing the detailed cerebral, vascular 

and bony structures using the im-
age data acquired from one UHR 
scan. The VMI of the cerebrum are 
routinely set to be displayed at a low 
keV level (55 keV) allowing for en-
hanced contrast. VNC images can be 
displayed with one mouse click, with-
out having to perform a native scan. 
In daily practice, these different  
image types – VMI, VNC and iodine –  
can be interactively toggled, using  
Interactive Spectral Imaging (ISI) 
technique available in image reading. 
In UHR mode, small sub-pixels are 
defined by electric fields, instead of 
physical separations, and are read 
out separately to increase the spatial 
resolution. This approach improves 
the geometrical dose efficiency of 
the detector to enable UHR imaging 
without radiation dose penalty.  
In addition, PCCT optimizes the 
contrast-to-noise ratio (CNR) with 
a combination of missing down-
weighting of the lower energy X-ray 
photons, the absence of the elec
tronic noise and the inherent spectral  
information. A practical example is 
that the UHR images, acquired and 
reconstructed at 0.2 mm slice width, 
can be used to create lifelike three- 
dimensional images with cinematic 
volume rendering technique (cVRT). 
In this very rare case, although diag-
nosis based on imaging differs from 
histologic and immunophenotypic 
results, the detailed visualization and 
demonstration help the neurosurgeons 
understand the complexity of the 
case prior to surgical planning. 
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1a

1c 1d

1b 1  � Coronal view of a 0.2 mm UHR image 
(Fig. 1a) shows bone erosion (arrows) of 
the squamous part of the right temporal 
bone and the posterolateral orbital wall. 
1 mm slices with spectral information 
are reconstructed from the UHR data  
to reformat coronal views of a VMI 
displayed at 55 keV (Fig. 1b), a VNC 
(Fig. 1c), and an iodine map (Fig. 1d). 
These images show an expansive 
frontotemporal mass, homogeneous 
and slightly hyperdense in VNC, 
uniformly contrast enhanced in VMI 
and iodine images, with multiple 
hyperdense foci inside, protruding into 
the right orbit and shifting the cerebral 
midline to the left.

2  � Oblique MPR images show the tumor protruding into the right frontal sinus and the right orbit, compressing the intraorbital segment 
of the optic nerve. The fine separation (arrows) between the tumor edge and optic nerve is better seen in 0.2 mm UHR image (Fig. 2a) 
and in VMI displayed at 55 keV (Fig. 2b), in comparison to a VMI displayed at 70 keV (Fig. 2c) corresponding to an image acquired at 
120 kV in standard scan. 

2a 2b 2c
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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. Because 
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.

Scanner NAEOTOM Alpha

Scan area Head

Scan mode UHR mode (Quantum HD) 
Arterial / venous phase

Scan length 194.6 mm

Scan direction Caudo-cranial 

Scan time 2.4 s

Tube voltage 140 kV

Effective mAs 100 mAs

IQ level 125

Dose modulation CARE Dose4D

CTDIvol 24.3 mGy

DLP 526 mGy*cm

Rotation time 0.25 s

Pitch 0.85

Slice collimation 120 × 0.2 mm

Slice width 0.2 / 1.0 mm

Reconstruction increment 0.2 / 0.7 mm

Reconstruction kernel Hv60 / Qr40, QIR 4

keV level 55 keV

Spectral reconstruction VMI, iodine, VNC

Contrast 350 mg/mL

Volume 45 mL + 40 mL saline

Flow rate 5.0 mL/s

Start delay 1, Arterial phase: 
scan manually triggered 
when contrast agent ap-
peared in the carotid ar-
tery at C4 level. 
2, Venous phase: 
end of the arterial phase 
+ 8 s.

Examination Protocol

3b 3c

3  � cVRT images, reconstructed using 0.2 mm UHR slices, show bone erosion of the 
squamous part of the right temporal bone and the posterolateral orbital wall  
(Fig. 3a, arrows), the extracranial (Fig. 3b) and intracranial (Fig. 3c) feeding arteries 
(arrowheads) to the tumor in detail. Both ACA are shifted leftwards and the right  
MCA is shifted backwards.

3a
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Cerebrospinal fluid-venous fistula detected  
in a patient with a long history of headaches
Fides Regina Schwartz, MD; Timothy Amrhein, MD
Department of Radiology, Duke University Health System, North Carolina, USA

History
A 58-year-old female patient with a 
10-year history of migraine, tinnitus 
and orthostatic headache, was  
referred to the department of neuro-
radiology for evaluation. Symptoms 
were typical for spontaneous intra
cranial hypotension (SIH) and a  
brain MRI with i.v. contrast material 
confirmed the diagnosis, demonstrat-
ing dural enhancement, venous  
distension, and brain sagging. A  
prior attempt at finding the causative  
spinal cerebrospinal fluid-venous  
fistula (CVF) three years earlier was 
unsuccessful. CT myelography (CTM) 
was performed on a dual source  
photon-counting CT (PCCT),  
NAEOTOM Alpha®, using an ultra-
high resolution (UHR) scan mode 
(Quantum HD) to identify and  
localize the CVF prior to a definitive 
treatment.

Diagnosis
Previous CTM images, acquired at 
0.625 mm slice thickness on an  
energy-integrating-detector (EID) CT, 
had revealed prominent spinal nerve 
root sleeves at multiple levels, how
ever, was unable to identify the CVF 
(Fig. 1a). For this new exam, UHR 
CTM images were acquired at 0.2 mm 
slice thickness on PCCT in left lateral 
and right lateral decubitus, and prone 
position at rest, end-inspiration breath 
hold, and during Valsalva maneuver, 
after the injection of 10 mL of  
iopamidol (300 mg/mL) into the sub-
arachnoid space via lumbar puncture. 
The UHR images in end-inspiration 
revealed the causative sub-millimeter 

CVF arising from the right T5 level, 
evidenced by contrast in an adjacent 
paraspinal vein (Fig. 1b). Additional 
clarity was gained from the iodine 
map (Fig. 1c) as well as the 3D  
images created by cinematic volume 
rendering technique (cVRT, Fig. 1d). 
Identification and localization of  
this CVF allowed the patient to be  
referred to neurosurgery for definitive 
treatment with surgical ligation.  
Surgery was successful resulting in 
resolution of her symptoms and  
normalization of brain MRI findings  
of SIH. 

Comments
CVFs represent abnormal connections 
between the spinal subarachnoid 
space and adjacent paraspinal veins. 
These anomalous connections allow 
for uncontrolled outflow of cerebro-
spinal fluid (CSF) into the venous  
system, ultimately leading to intra
cranial hypotension. Although CVFs 
have been recognized only recently, 
they have rapidly emerged as a  
common underlying cause of spinal 
CSF leaks in patients with SIH,  
particularly in cases where initial  
spinal imaging fails to reveal any  
obvious leaks.

CVFs are most frequently found in  
the thoracic spine, particularly in the 
lower levels from T7 to T12. However, 
they can also occur in upper thoracic 
levels, as presented in this case.  
Fistulas in the upper lumbar or lower 
cervical levels are less common. CVFs 
are anatomically associated with a 

nerve root sleeve, with the fistulous 
connection frequently originating 
from the nerve root sleeve itself, as 
seen in this case. While some case se-
ries have suggested a possible lateral-
ity preference, the evidence for such 
a predilection is not strong, and CVFs 
can occur on either side of the spine.

Unlike dural tears, which were the 
first described cause of intracranial 
hypotension, most CVFs do not lead 
to the pooling of CSF in the epidural 
space. This lack of epidural fluid  
accumulation makes it challenging  
to detect CVFs through conventional 
anatomical imaging. Instead, the  
use of a myelographic contrast agent 
specific to CSF is necessary for their 
visualization. Consequently, standard 
spine MRI, commonly employed for 
detecting epidural CSF leaks, is not 
effective for identifying CVFs and 
CTM has emerged as a better imaging 
modality. The traditional challenge 
with EID CT scanners is to improve 
the spatial resolution without  
increasing radiation dose or accept-
ing excessive image noise. This  
has become possible with the intro-
duction of PCCT. It is feasible to  
acquire UHR images at full dose  
efficiency without the application  
of additional hardware like combs or 
grids to reduce the detector aperture 
at the cost of reduced dose efficiency 
as this would be the case with EID CT. 
As shown in this case, the CVF was 
not visible on the previous scan  
conducted on an EID CT with the  
traditional thin-slice approach; but  
it was successfully identified now on 
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1b

1  � An axial image, acquired at 0.625 mm on an EID CT at the level of T5 (Fig, 1a), shows a prominent nerve root sleeve visible to the 
right of the spinal canal (asterisk). A CVF is not apparent. A UHR image, acquired at 0.2 mm on PCCT (Fig. 1b) shows a prominent 
nerve root sleeve (asterisk) and a visible CVF at the same level (arrow). An iodine map (Fig. 1c, 0.4 mm) and a thin slab cVRT image 
(Fig. 1d) show the CVF (arrows) at the same location.

The statements by customers of Siemens  
Healthineers described herein are based on  
results that were achieved in the customer’s 
unique setting. Because 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.

2a1a 1c 1d

the PCCT with its inherent UHR mode 
at 79% of radiation dose reduction 
(8.6 mGy with PCCT vs. 41.3 mGy 
with EID CT). A model-based iterative 
reconstruction approach – Quantum 
Iterative Reconstruction (QIR) – is  
applied in the image reconstruction 
process for further image noise  
reduction. It is worth noting that the 
combination of UHR images and 
spectral information (albeit at some-
what reduced resolution) is unique 

* **

Scanner NAEOTOM Alpha

Scan area Spine

Scan mode UHR (Quantum HD)

Scan length 354 mm

Scan direction Caudo-Cranial

Patient position FFDR (Feet First  
Decubitus Right)

Scan time 7.6 s

Tube voltage 140 kV

Tube current 74 mAs

Dose modulation CARE Dose4D

CTDIvol 8.58 mGy

Examination Protocol

*

for PCCT, providing UHR morphologi-
cal images and the spectral images 
with chemical composition infor
mation (iodine map) from the same 
data. In this case, the iodine maps 
generated from the spectral informa-
tion gave additional confidence in 
visualizing the CVF identified in the 
UHR images. The improved visuali
zation helps the physicians make a  
confident diagnosis and facilitates an 
appropriate treatment planning.  

The patient was relieved from a long 
history of headaches. 

DLP 341 mGy cm

Rotation time 0.5 s

Pitch 0.85

Slice collimation 120 x 0.2 mm

Slice width 0.2 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Br48u, QIR 4

Contrast iopamidol  
(300 mg/mL)

Volume 10 mL

Flow rate Manual injection
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Follow-up on an unruptured intracranial  
aneurysm treated with a flow diverter
Jiaxu Wei, RT1; Xiao Li, MD1; Huilin Zhao, MD1; Shenghao Ding, MD2; Lang Liu, MD2; Xi Zhao, MD3; Yan Zhou, MD1

1 �Department of Radiology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, P. R. China
2 �Department of Neurosurgery, Renji Hospital, Shanghai Jiao Tong University School of Medicine, 

Shanghai, P. R. China
3 �Siemens Healthineers, China

History
A 71-year-old female patient,  
complaining of dizziness for over  
two months, came to the hospital  
for a check-up. A native cerebral CT 
and a CT angiography (CTA) were 
performed on an energy-integrating 
detector (EID) CT for assessment.

Diagnosis
CTA images showed an irregular,  
saccular aneurysm with a narrow 
neck, at the A3 segment of the left 
anterior cerebral artery (ACA), direct-
ing forward and upward. The neck-
to-dome distance was approximately 
12.8 mm and the maximum dome 
width was 6.3 mm. A severe stenosis 
in the parent artery, proximal to  
the neck of the aneurysm, was seen. 
Native CT images were unremarkable 
with no signs of subarachnoid  
hemorrhage.

Subsequently, the patient underwent 
endovascular treatment. The implan-
tation of a flow diverter, as well as a 
balloon angioplasty, were success
fully performed. Post-interventional 
digital subtraction angiography 
(DSA) showed retained contrast 
agent near the neck of the aneu-
rysm. Two days later, this residual  
filling of contrast agent was also 
seen in a follow-up CTA performed 
on a photon-counting detector (PCD) 
CT, using an ultra-high resolution 
(UHR) scan mode. The curved  
segment of the diverter appeared 

slender. There was no evidence of 
braid deformation nor of lumen  
abnormalities of the parent artery.

The patient experienced no compli-
cations during her hospital stay and 
was discharged five days after the  
intervention. A six-month follow-up 
CTA was scheduled.

Comments
Unruptured intracranial aneurysms 
(UIAs) are often asymptomatic. When 
it ruptures, it may bleed into the 
brain parenchyma or the subarach-
noid space, resulting in permanent 
disability or even death. DSA is  
considered the gold standard tech-
nique for the detection of cerebral 
aneurysms, offering both dynamic 
and morphological information on 
the intracranial circulation. However, 
it is relatively expensive, not widely 
available and carries a potential risk 
of complications. For an appropriate 
treatment planning, CTA offers valid 
diagnostic information, such as the 
location and the form of the aneu-
rysm, the size of its neck and dome, 
the presence of collateral arteries,  
or abnormalities of the parent artery. 
With the introduction of PCD CT,  
it becomes possible to routinely  
acquire UHR images with high spatial 
resolution and reduced image noise 
at retained radiation dose efficiency. 
As shown in this case, the UHR  
images, acquired at 0.2 mm and  

The statements by customers of Siemens  
Healthineers described herein are based on  
results that were achieved in the customer’s  
unique setting. Because 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.

reconstructed with a sharp kernel  
of Hv89, can be properly used to  
create optimal three-dimensional 
(3D) images, using cinematic  
volume rendering technique (cVRT). 
This offers the possibility of visual
izing the detailed structures of the 
vascular anatomy as well as of the 
flow diverter in both 2D and 3D using  
the same UHR images. The artifact 
interference, usually caused by the 
struts, is not seen. Comparing dose 
efficiency – the UHR images acquired 
at 0.2 mm on PCD CT applied a  
CTDIvol of 24.1 mGy, and the standard  
images acquired at 1 mm on EID CT 
applied a CTDIvol of 45.9 mGy. This 
case shows the potential improve-
ment of the UHR mode with PCD CT 
in the evaluation on a flow diverter 
implementation for an intracranial 
aneurysm, which prompts the  
primary use of UHR CTA in post- 
interventional follow-up imaging  
in clinical routine. 
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1  � A cVRT image (Fig. 1a), 
created using CTA images 
acquired on EID CT, shows an 
irregular, saccular aneurysm, 
with a narrow neck, at the 
A3 segment of the left ACA, 
directing forward and 
upward. A severe stenosis 
(arrow) in the parent artery 
proximal to the neck of  
the aneurysm is also seen. 
CT findings are confirmed in 
the DSA image (Fig. 1b).

2  � cVRT images (Fig. 2a – 2c), 
created using UHR images 
acquired on PCD CT, show 
retained contrast agent near 
the neck of the aneurysm, 
corresponding to the 
residual filling of the 
contrast agent seen in the 
post-interventional DSA 
image (Fig. 2d, arrow). The 
curved segment of the flow 
diverter appears slender.  
The structures of the diverter 
are shown in detail in cVRT 
images without interference 
of artifacts caused by the 
struts. 

1a

2a

2c

1b

2b

2d

Scanner NAEOTOM Alpha

Scan area Brain

Scan mode UHR mode (Quantum HD)

Scan length 168.6 mm

Scan direction Caudo-cranial 

Scan time 2 s

Tube voltage 140 kV

Effective mAs 99 mAs

IQ level 125

Dose modulation CARE Dose4D

CTDIvol 24.1 mGy

DLP 454 mGy*cm

Rotation time 0.25 s

Examination Protocol

Pitch 0.85

Slice collimation 120 × 0.2 mm

Slice width 0.2 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Hv89

Contrast 400 mg/mL

Volume 55 mL + 30 mL saline

Flow rate 4.5 mL/s

Start delay Bolus tracking triggered at  
100 HU in the aortic arch + 4 s

Neuro imaging  ·  Case report
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Follow-up on an endovascular  
coiling embolization of a ruptured  
intracranial aneurysm 
Xiangyu Liu, RT1; Jiaxu Wei, RT1; Xi Zhao, MD2; Ji Wang, RT1

1 �Department of Radiology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, P. R. China
2 �Siemens Healthineers, China

History
A 59-year-old female patient, suffer-
ing from a sudden onset of headache 
with nausea and vomiting 6 hours 
previously, was admitted to the  
hospital. The patient had a medical 
history of a primary hypertension, 
stage 3. A CT angiography (CTA) was 
performed on a conventional energy-
integrating detector (EID) CT. This  
revealed a saccular aneurysm at the 
C7 segment of the right internal  
carotid artery (ICA), along with a 
subarachnoid hemorrhage. An endo-
vascular coiling embolization of the 
aneurysm was carried out success
fully. A follow-up CTA was performed  
on a dual source photon-counting 
detector (PCD) CT, NAEOTOM Alpha, 
for assessment.

Diagnosis
Follow-up CTA images acquired on the 
PCD-CT showed improved vessel delin-
eation, sharpness and enhanced ves-
sel contrast. However, metal artifacts 
occurred in the vicinity of the postcoil-
ing aneurysm, obscuring the visual-
ization of the vascular and parenchy-
mal structures. These artifacts were 
effectively reduced in the images  
reconstructed with Iterative Metal  
Artifact Reduction (iMAR) using  
“Neuro coils” preset, resulting in im-
proved visualization. The aneurysm 
showed a total occlusion without 
signs of remnants. The parental right 
ICA, the anterior cerebral artery (ACA) 
and the middle cerebral artery (MCA) 
were all patent without stenosis.  
The patient recovered uneventfully.

Comments
A ruptured intracranial aneurysm  
(IA) is an emergency and requires  
immediate treatment. Endovascular 
coiling embolization is routinely used 
to occlude a ruptured IA with the  
primary aim of preventing the 
long-term risk of rebleeding. This is  
associated with a poor prognosis and 
high morbidity and mortality. [1]  
Rebleeding can occur either due to  
a recanalized aneurysm or to a de 
novo aneurysm, therefore, imaging 
follow-ups are justified to provide  
an early preventive treatment when 
necessary. [2] As MRA is limited  
by contraindications and DSA is an 
invasive procedure bearing potential 
complications such as cerebral 
thromboembolism, CTA is frequently 

Case report  ·  Neuro imaging

1  � An axial image prior to iMAR (Fig. 1a) shows an obscured visualization of the embolized aneurysm and the adjacent  
arteries due to artifacts. The visibility is clearly improved in the image reconstructed with iMAR (Fig. 1b, arrows).

1a 1b
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Scanner NAEOTOM Alpha

Scan area Head

Scan mode Quantumplus

Scan length 161 mm

Scan direction Caudo-cranial 

Scan time 0.8 s

Tube voltage 140 kV

Effective mAs 38 mAs

IQ level 105

Dose modulation CARE Dose4D

CTDIvol 9.0 mGy

DLP 186 mGy*cm

Rotation time 0.25 s

Pitch 0.8

Examination Protocol

Slice collimation 144 × 0.4 mm

Slice width 0.4 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Hv56

keV level 55 keV

Spectral reconstruction Monoenergetic Plus

Contrast 370 mg/mL

Volume 40 mL + 40 mL saline

Flow rate 5 mL/s

Start delay Bolus tracking triggered  
at 100 HU in the aortic arch 
+ 3 s

used for diagnosis and follow-up. 
However, the challenge lies in the 
metal artifacts caused by the coils 
which lead to difficulties in image  
interpretation, or at worst, non- 
assessable datasets. To meet this 
challenge, an iMAR algorithm has 
been developed which combines 
beam hardening correction,  
normalized sinogram inpainting  
and frequency split to preserve fine 
anatomical details. The correction  
process is then iteratively applied  
for a refined correction result. [3] 
Consequently, metal artifacts are  
reduced and the visibility in the  
vicinity of the postcoiling aneurysm 
is improved. 

This case is acquired with a PCD-CT, 
NAEOTOM Alpha, which provides  
energy-resolved CT data with in-
creased spatial resolution and iodine 

contrast, without electronic noise. 
Images are routinely acquired at  
0.4 mm slice collimation with  
spectral information, allowing virtual 
monoenergetic image (VMI) display 
at low keV (55 keV in this case), 
which further enhances image  
contrast and improves visualization of 
vascular details. A dedicated sharper 
kernel (Hv56) is applied in image re-
construction to increase high contrast 
resolution and improve vessel delin-
eation. These high-resolution images 
can also be used for three dimension-
al, in-depth, lifelike demonstration, 
using cinematic rendering technique 
(cVRT), facilitating the communi
cation with the neurosurgeons and 
treatment planning. 

As shown in this case, comprehensive 
PCD CT imaging combined with iMAR 
technology can improve vessel delin-

iMAR is intended to reduce metal artifacts in  
CT images when metal is present in the scanned 
object. The extent of artifact reduction and image 
quality improvement depends on factors such  
as metal composition and size, patient size, 
anatomical location, and clinical practice. iMAR 
images must always be interpreted alongside 
standard reconstructions.

The statements by customers of Siemens  
Healthineers described herein are based on results 
that were achieved in the customer’s unique 
setting. Because 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.

eation and sharpness, enhance  
vessel contrast and reduce metal  
artifacts. This benefits a follow-up of 
patients with treated IAs. An inter-
ventional procedure for the follow up 
of this patient was not necessary. 
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2  � cVRT and MPR images show the head view of the cerebral 
arteries. Images acquired with an EID-CT prior to the coiling 
embolization (Fig. 2a–2b) show an aneurysm located at the  
C7 segment of the right ICA (arrows). Postcoiling images 
acquired with PCD-CT without iMAR (Fig. 2c–2d) show metal 
artifacts obscuring the visibility of the aneurysm and the 
adjacent structures (arrows). The completely embolized 
aneurysm, without signs of remnants, as well as patent  
right ICA, ACA and MCA, are clearly visualized in the images 
with iMAR (Fig. 2e–2f, arrows). Note the improvement of  
the vessel delineation, sharpness and contrast in the PCD-CT 
images (Figs. 2c–2f).

2b2a

2d2c

2f2e
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Traumatic incudomalleolar dislocation
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History
A 33-year-old female patient, who 
had sustained injuries following 
a fall, was presented to the emer-
gency department. Upon arrival, 
she had altered consciousness with 
 visible bleeding from the right ear 
and a superficial hematoma on the 
right side of the skull. A routine 
head CT scan, as a part of our  
institutional poly trauma protocol,  
was performed with a photon- 
counting detector (PCD) CT scanner 
(NAEOTOM Alpha.Prime) for  
further assessment. 

Diagnosis
CT images showed an incudomalleo-
lar dislocation with a typical  “broken 
heart” sign in the thin-slice  coronal 
multiplanar reformats (MPR). The 
 displacement of the head of the 
 malleus from the body and short pro-
cess of the incus disarticulating the 
normal “ice cream cone” of the joint 
was also seen in axial images (Fig. 1). 
These structures were  visualized in 
more details in zoomed reconstruc-
tions (Fig. 2). Longitudinal  fractures 
of the right temporal bone (Fig.3a), 
involving the mastoid cells, the ex-
ternal auditory canal, the  middle ear 
and the ossicles, as well as complex 
fracture of the body of the  sphenoid 
bone were present (Fig.3b and 3c). 
Temporal subdural hematoma,  
sub arachnoid bleeding as well 
as parenchymal brain contusion 
 injuries on the left, due to the contre-
coup  mechanism, were seen. There 
was no evidence of extracranial trau-
matic lesions. A subsequent control 
CT examination demonstrated stable 
contusional injuries with mild pro-
gression of the perifocal edema and 
a regressing subdural hematoma. 
Immediate neurosurgical inter

vention was not considered. The  
patient was treated conservatively  
on the intensive care unit for two 
days and was then transferred to 
the traumatology ward. Ear-nose-
throat (ENT) consultation found a 
right-sided conductive hearing loss. 

Comments
Temporal bone trauma is commonly 
encountered in the emergency  
department. The tympanic cavity 
and tegmen, the ossicular chain, the 
bony labyrinth, the facial canal, the 
internal carotid artery, the jugular  
foramen and venous sinuses, as well 
as the intracranial contents are all 
potential injury sites. A specific 
and thorough reporting approach 
is needed due to the unique 
composition of these anatomical 
structures. A delayed or missed diag-
nosis of injuries to these structures 
can result in severe and permanent 
disabilities for the patient. [1]  
Ossicular luxation or fracture,  
disrupting the conductive chain, may 
cause conductive hearing loss (CHL). 
Six months after temporal bone trau-
ma, persistent CHL occurs in 50% of 
the patients. The most common sites 
of ossicular dislocation are the incu-
dostapedial and the incudomalleolar 
joints. [2] In the latter case, the joint 
dislocation is marked with displace-
ment of the scoop (head of the mal-
leus) from the cone (body and short 
process of the incus), disarticulating 
the normal “ice cream cone” in axial 
images and the typical “broken heart” 
sign in coronal MPR. [3] [4] CT is the 
imaging modality of choice in cases 
of temporal bone trauma. Tradition-
ally, CT examination for head and  
for temporal bones are two separate 
scans, with the former focused on 

the low-contrast cerebrum and the 
latter, on high-contrast bony struc-
tures. This case is acquired with a 
newly developed single source PCD 
CT, NAEOTOM Alpha.Prime.  
The principle of PCD differs from that 
of conventional, energy-integrating 
detector (EID). With EID, X-ray pho-
tons are first converted into scintilla-
tion light and then into electrical  
signals, while with PCD, X-ray photons 
are converted directly into electrical 
signals. The detector elements in EID 
are separated by physical separators, 
while in PCD, they are separated by 
electric fields. The electronic circuit 
noise is also eliminated in PCD. These 
differences result in increased effi-
ciency of X-ray photon utilization, 
and potentially, reduced image noise 
and radiation dose. Additionally,  
PCD has a smaller detector pixel size, 
which contributes to the decreased 
partial volume effects and blooming 
artifacts. This increases spatial resolu-
tion, which is especially important for 
imaging small, high-contrast struc-
tures, such as the ossicular chain. [5] 
Images acquired in routine head scan 
can be reconstructed both at 0.4 mm 
slice width with a sharp kernel (Hr76) 
for visualizing the temporal bones 
and at thicker slice width with a stan-
dard or smooth kernel for cerebrum 
imaging, obviating the necessity  
of having to do two separate scans. 
These high-resolution images can also 
be used to create three dimensional 
images, using cinematic rendering 
technique (cVRT), providing detailed, 
lifelike visualization. In trauma set-
tings, PCD CT, with its increased 
spatial resolution in routine scans, 
may enable radiologists to reach diag-
nostic conclusions that were previous-
ly only possible with high resolution 
CT (HRCT) examinations. 

Head & neck imaging  ·  Case report
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1d1b

1  � An axial image (Fig. 1a) shows displacement of the head of the malleus from the body and short process of the incus (arrow) on  
the right. A typical “broken heart” sign (arrow) is seen in a coronal MPR image (Fig. 1b). Two cVRT images (Figs. 1c and 1d) created 
with thin slices (0.4 mm, sharp kernel of Hr76) demonstrate the incudomalleolar dislocation (Fig. 1c) in three dimensions.

2  � Images from zoomed reconstructions show the incudomalleolar dislocation (arrows) with signs of disarticulated “ice cream cone” 
(Fig. 2a) and “broken heart” (Fig. 2b) in details.

2a 2b 2c

Case report  ·  Head & neck imaging

3b 3c

3  � cVRT images show longitudinal fractures (Fig. 3a, arrows) of the right temporal bone, involving the mastoid cells and the external 
auditory canal, as well as a complex fracture of the body of the sphenoid bone (Fig. 3b and 3c, arrows).

3a
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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. 
Because 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.

Scanner NAEOTOM Alpha.Prime

Scan area Head

Scan mode Quantum Plus

Scan length 182 mm

Scan direction Cranio-caudal 

Scan time 69 s

Tube voltage 120 kV

Effective mAs 167 mAs

IQ level 225

Dose modulation CARE Dose4D

CTDIvol 28 mGy

DLP 554 mGy*cm

Rotation time 0.5 s

Pitch 0.35

Slice collimation 144 × 0.4 mm

Slice width 0.4 mm

Reconstruction increment 0.2 mm

Reconstruction kernel Hr76

Examination Protocol
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