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Abstract: We report our initial experience of performing integrated PET/MR imaging of the carotid arteries in psori-
atic patients. Eleven patients with psoriasis and ten controls underwent carotid PET/MRI. Following injection of the 
FDG tracer, 3d T1w gradient echo sequence (atMR) was obtained for attenuation correction of PET data. High reso-
lution images of carotid artery were then obtained, including pre-and post-contrast T1-w, T2-w and proton-density 
images as well as TOF images followed by PET imaging of the torso. From the fused axial PET/MRI, the arterial wall 
SUVmax and TBRmax was quantified in each slice. MRI images were also evaluated for vessel wall volume, plaque 
and internal composition. SUVmax and TBRmax were respectively, 1.72 ± 0.38 & 1.17 ± 0.27 in L- CCA, 1.75 ± 0.39 
& 1.24 ± 0.19 in R-CCA, 1.59 ± 0.24 & 1.08 ± 0.14 in L-ICA and 1.62 ± 0.27 & 1.15 ± 0.17 in R-ICA in psoriatic pa-
tients and 1.74 ± 0.22 & 1.28 ± 0.44 in L- CCA, 1.74 ± 0.33 & 1.07 ± 0.28 in R-CCA, 1.78 ± 0.32 & 1.29 ± 0.39 in 
L-ICA and 1.60 ± 0.29 & 0.98 ± 0.25 in R-ICA in the controls. No discrete plaques were identified in any of the vessel 
segments in MRI. PET/MRI is feasible in evaluation of carotid arteries in psoriatic patients. 
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Introduction

Psoriasis is a chronic, inflammatory, immune-
mediated disease of unknown etiology, preva-
lent among 3.2% of adults in the United States 
[1-3]. Patients with plaque psoriasis demon-
strate characteristic skin erythema driven by 
endothelial cell growth, and epidermal hyper-
proliferation resulting in a build-up of shed 
keratinocytes (often referred to as “scale”). In 
addition to keratinocyte alterations, an increase 
in epidermal CD8+ T lymphocytes and dermal 
CD4+ cells, dendritic cells (DCs), monocytes, 
macrophages, and neutrophils is observed [4]. 
Increased levels of T cells and monocytes, 
along with corresponding inflammatory cyto-
kines such as IL-6, IL-12, IL-23, and IL-17A, are 

also present in circulation [5-8]. Psoriasis 
patients exhibit numerous co-morbid condi-
tions including psoriatic arthritis, obesity, dia-
betes, and an increased propensity to develop 
cardiovascular disease such as atherosclero-
sis, myocardial infarction, and stroke [9-14].

Atherosclerosis, especially in young patients, 
usually remains asymptomatic and presents 
with subclinical increase of arterial intima and 
media thickness until it has reached an ad- 
vanced phase [15]. However, even asymptom-
atic patients with significant stenosis can be at 
risk for stroke. As a result, non-invasive identifi-
cation of both early precursor and advanced 
deposition of atherosclerotic plaques is of clini-
cal value [16].
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18F-flurodeoxyglucose (FDG) positron emission 
tomography (PET) has emerged as a potential 
imaging modality for the detection of increased 
metabolic activity associated with macrophage 
recruitment and activation, neo-angiogenesis, 
and resultant inflammation and vessel plaque 
formation [17-19]. Due to the association 
between psoriasis and increased risk of athero-
sclerosis, early endothelial atherosclerotic 
changes in psoriatic patients may be visualized 
as an increase in endothelial 18F FDG uptake on 
PET [16]. In addition to 18F-FDG PET, magnetic 
resonance imaging (MRI) may also play in a role 
in the detection of inflammatory cardiovascular 
plaques, as it has been effective in the visual-
ization and determination of plaque compo-
nents [4, 11, 12, 20, 21]. 

Despite the utility of these two imaging modali-
ties, combined 18F-FDG PET and MR imaging 
presents several logistical difficulties, including 
maintaining patient placement and neck angu-
lation for co-localization of anatomy [16]. 
However, several hybrid PET/MRI systems have 
been introduced to clinical practice, targeting 
these technical challenges concerning the co-
registration of PET and MRI data. As a result, 
PET/MR may be used as a viable alternative to 
PET/CT for non-invasive imaging of atheroscle-
rosis, as MRI has superior soft tissue charac-
terization and targets vessel wall, potential ath-
erosclerotic plaques, and sub components 
within the vessel wall, while CT primarily visual-
izes the lumen [19]. PET/MR also limits patient 
radiation exposure compared to PET/CT. 
However, PET/MR is restricted in terms of 
attenuation correction, as MR attenuation 
maps are not directly collected from target tis-
sue. Rather, they are estimated based on 
acquired tissue densities without consideration 
for bone-potentially influencing the quantifica-
tion of PET images. This may be problematic as 
carotid arteries are in proximity to the cervical 
spine [1, 22-26]. 

The aim of this study was to evaluate the feasi-
bility of integrated PET/MR imaging of the 
carotid arteries in psoriatic patients. 

Materials and methods

Ethical approval

This HIPAA-compliant study was approved by 
our institutional review board (IRB). All subjects 
received verbal and written information regard-

ing the study and expressed written informed 
consent before inclusion. 

Study design, patient population

Eleven patients with moderate to severe psori-
asis (9 male and 2 female, median age 40.0 
years (range: 21.0-65.0), 9 Caucasians and 2 
African Americans) were prospectively recruit-
ed from our dermatology outpatient clinic. The 
median psoriasis area and severity index (PASI) 
for these eleven patients was 22.8 (range: 18.0- 
42.6) with a median duration of disease of 14.0 
years (range: 1.0-48.0). Ten-year Framingham 
risk scores were calculated using the NIH online 
calculator (http://cvdrisk.nhlbi.nih.gov/) taking 
into account age, gender, total cholesterol, HDL 
cholesterol, smoking history, systolic blood 
pressure, and patient history of blood pressure 
medication. 

Inclusion criteria were 1) diagnosis of moder-
ate-to-severe psoriasis that affected ≥10% of 
the subject’s body surface area (BSA), 2) age 
18-65 years and 3) willingness to complete a 
washout period to discontinue systemic thera-
pies for at least 4 weeks and topical and photo-
therapies for at least 2 weeks prior to beginning 
of study.

Exclusion criteria were 1) subjects currently on 
a therapeutic regimen and unwilling to go 
through the washout period, 2) subjects with a 
critical illness or who were immunocompro-
mised, 3) age <18 years or weight >400 po- 
unds, 4) currently pregnant or breastfeeding, 5) 
subjects who have metal implants, a pacemak-
er, stent, or artificial heart valve, 6) have a his-
tory of clinically significant hematological, renal, 
or liver disease, or 7) history of myocardial 
infarction (MI), cerebrovascular accident (CVA), 
or significant atherosclerosis (defined as the 
presence of any carotid plaque, or carotid inti-
mal media thickness (cIMT) >75th percentile for 
age, or the presence of coronary artery calcium 
score >100).

Ten controls without any cardiovascular dis-
ease were also scanned (9 males, 1 female, 
median age- 45.3 years (range: 21-61), 6 Cau- 
casians and 4 African Americans). 

Patient preparation

After fasting for at least 6 hours, all the patients 
underwent carotid PET/MR following injection 
of 4.44 x 108 Bq 18F-FDG through a cubital vein 
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catheter. Plasma glucose measured before 
injection ranged from 4.0 to 6.0 mmol/l. Pa- 
tients avoided speaking and rested in a tem-
perate and quiet environment from 15 minutes 
pre-injection to 30 minutes post-injection to 
reduce tracer uptake in both neck and mouth 
musculature and brown fat regions. 

PET/MR acquisition

The PET/MR examination was performed on a 
sequential PET/MR scanner system (Ingenuity 
TF PET/MRI, Philips Healthcare) using a dedi-
cated head and neck coil (Philips Healthcare) 
[27, 28]. The PET/MRI workflow is illustrated in 
Figure 1. Following intravenous injection of 18F-
FDG, patients were placed in the scanner and 
underwent imaging. Scout images were ac- 
quired to localize the carotid arteries before a 
3d T1-weighted multi-station spoiled gradient 
echo sequence (atMR) of the torso was 
obtained for attenuation correction of PET data 
(MRAC), deriving from a 3-segment model 
accounting for soft tissue, lung tissue, air, and 
fat. Following this, targeted high resolution 
imaging of the carotid arteries was performed. 
A 3D time-of-flight (TOF) bright magnetic reso-
nance angiography sequence (TR/TE 23/3.5 
ms, flip angle 20°) was initially performed to 
visualize the carotid lumen contours. 12 axial 
high-resolution images of the carotid arteries 
were obtained, centered on the carotid bifurca-

tion based on the 3d-TOF angiography, with 6 
slices cranial and 6 slices caudal to the carotid 
bifurcation. Proton-density, T1-w and T2-w 
images were then obtained using fat-sup-
pressed black-blood double inversion recovery 
sequences with slice thickness of 3 mm and 
matrix size of 256 x 234. The sequence param-
eters for T1-w images were: TR/TE -1091/10 
ms; echo train length - 13; T2-w images: TR/TE 
-2182/80 ms; echo train length-20; proton 
density-w images: TR/TE- 3073/20 ms; echo 
train length- 8. After administration of gadolini-
um-based intravenous contrast media (0.1 
mmol/kg), dynamic contrast enhanced images 
were obtained followed by T1-weighted double 
inversion recovery sequence. After MRI is com-
pleted, FDG-PET imaging of the torso was per-
formed. The median time between FDG tracer 
injection and PET acquisition was approximate-
ly 55-60 minutes. FDG-PET imaging (10-15 
minutes for five bed positions) was acquired 
through the neck and torso, after which mDixon 
images of the torso (slice thickness 3 mm) were 
obtained for anatomical correlation with PET 
imaging. The total average examination time of 
the PET/MRI was 75 minutes. 

Image reconstruction and data analysis

Based on attenuation maps and automatic 
rigid registration, PET/MR images were recon-

Figure 1. Workflow of carotid artery PET/MRI in psoriasis patients. After injection of FDG, 3d T1 weighted attenuation 
corrected MRI images are obtained. This was followed by dedicated MRI sequences, which consisted of 3d-Time of 
flight, T1-w, T2-w, PD-weighed black blood images before contrast. After contrast administration, dynamic enhanced 
images and T1-weighed axial images were obtained. Following this, FDG PET torso acquisition was performed. 
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structed and analyzed by a board certified radi-
ologist. MR-based PET attenuation correction 
maps (MR-AC) (Figure 2A) was fused with the 
T1- weighted TSE black blood images (Figure 
2B). Arterial-wall FDG uptake was quantified on 
axial fused PET/MR images using commercially 
available software (MIM SoftwareTM, version 
6.1 Cleveland, Ohio) by drawing regions of inter-
est (ROIs) in the common and internal carotid 
arteries, including the vessel wall and excluding 
the lumen (Figure 2C). Maximal, mean, median, 
and standard deviation of standard uptake 
value (SUV) were measured along the common 
and internal carotid arteries for each axial slice. 
SUV is calculated as a time-corrected concen-
tration of tissue radioactivity in kilobecquerels 
(kBq) per mL, adjusted for injected FDG dosage 
and body weight of the patient, and is a widely 
used method for quantification of FDG-PET 
data [29]. 

means and standard deviations. SUVmax and 
TBRmax differences were analyzed by Welch 
2-sample t-test with 95% confidence interval. 
Statistical differences were set to p<0.05. The 
correlations between SUVmax and TBRmax val-
ues of ICA segments on the same side were 
analyzed by Spearman correlation coefficient 

Results

The characteristics of psoriasis patient cohort 
at baseline, including disease severity and 
duration are shown in Table 1 with a 10-year 
Framingham risk value and additional risk fac-
tors associated with prevalence of cardiovascu-
lar disease described.

For the psoriatic patients, total of 252 carotid 
vessel segments were analyzed. A total of 35 
left common carotid artery (LCCA), 91 left inter-
nal carotid artery (LICA), 31 right common 
carotid artery (RCCA), and 95 right internal 

Figure 2. Transverse T1 weighted MRI image (A), PET image (B) and fused FDG-PET/MR (C) at the level of the right 
and left common carotid artery (blue arrows). Arterial-wall FDG uptake was quantified by drawing two region of inter-
ests (ROI) around the lumen and outer wall of each CCA (right and left) on fused FDG-PET/MR images (B) to define 
the wall area. Maximum standard uptake value of the carotid wall was then calculated using MIM software, which 
was corrected for blood pool activity (jugular vein) to obtain TBR.

Table 1. Baseline characteristics of psoriasis patients   
Characteristics n=11 median (range)
Male/Female 9/2
Age 40.0 (21.0-65.0)
Body mass index (BMI) 26.0 (20.9-44.4)
PASI score 22.8 (18.0-42.6)
Body surface area (BSA) 34.0 (15.0-83.5)
Duration of disease (years) 14.0 (1.0-48.0)
Framingham risk score (%) 3.0 (1.0-15.0)
Family history of ischemic heart disease 2
History of smoking 5
Known Hypertension 2
Diabetes 1
Known Cardiovascular Disease 0
Deep Venous Thrombosis 1
hsCRP 6.2 (0.8-17.6)

For evaluation of the FDG blood pool 
uptake, ROIs were drawn in jugular veins. 
The maximal arterial target to back-
ground Ratios (TBRs) were then calcu-
lated by dividing the maximal arterial 
SUVs by the blood pool SUV, estimated 
from jugular vein ROIs, to produce a 
background-corrected carotid arterial 
SUV. The MRI images were also evaluat-
ed for vessel wall volume, presence of 
plaque, and if plaque was present - for 
internal composition, including fat and 
edema. 

Statistical analysis 

Statistical analysis was performed using 
R (Version 3.2.2). GraphPad Prism 6 
software was used for graph generation. 
Categorical data was described as 
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carotid artery (RICA) segments vessel slices 
were analyzed. For the control patients, total of 
235 carotid vessel segments were analyzed. A 
total of 44 left common carotid artery (LCCA), 
73 left internal carotid artery (LICA), 42 right 
common carotid artery (RCCA), and 76 right 

internal carotid artery (RICA) segments vessel 
slices were analyzed. To accord equal weight to 
patients, standardized uptake value maximum 
values (SUVmax) and target to background 
ratio maximum values (TBRmax) were aver-
aged to derive whole vessel SUVmax and 

Figure 3. Example of carotid PET/MRI from another patient. A. Axial T1-w MRI image at the level of common carotid 
artery. B. MRAC PET non-fused image of the neck. C. PET/MRI images with fused MRAC PET and T1 w black blood 
images demonstrate FDG activity. 

Figure 4. A. Axial T1-weighted turbo spin echo (black blood) image shows high signal in the right common carotid 
artery (Blue arrow). B. Fused PET/MRI image in the same patient at the same level showed mild increased SUVmax 
at this level. 

Table 2. Summary of the mean, minimum, maximum and standard deviation of whole vessel SUV 
and TBR maximum values within each vessel segment analyzed

VESSEL SEGMENT PSORIASIS (N=11)  
(Mean ± SD (Min, Max))

CONTROLS (N=10)  
(Mean ± SD (Min, Max)) p-Value

LICA SUVmax 1.59 ± 0.24 (1.1, 1.9) 1.78 ± 0.32 (1.4, 2.4) 0.15
TBRmax 1.08 ± 0.14 (0.9, 1.3) 1.29 ± 0.39 (0.52, 2.0) 0.13

LCCA SUVmax 1.72 ± 0.38 (1.2, 2.4) 1.74 ± 0.22 (1.4, 2.1) 0.86
TBRmax 1.17 ± 0.27 (0.8, 1.7) 1.28 ± 0.44 (0.56, 2.1) 0.51

RICA SUVmax 1.62 ± 0.27 (1.2, 2) 1.60 ± 0.29 (1.3, 2.1) 0.88
TBRmax 1.15 ± 0.17 (0.9, 1.5) 0.98 ± 0.25 (0.36, 1.3) 0.08

RCCA SUVmax 1.75 ± 0.39 (1.2, 2.4) 1.74 ± 0.33 (1.3, 2.3) 0.93
TBRmax 1.24 ± 0.19 (0.9, 1.6) 1.07 ± 0.28 (0.36, 1.3) 0.12

LICA- Left internal carotid artery; LCCA- Left common carotid artery; RICA- Right internal carotid artery; RCCA- Right common 
carotid artery. 
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TBRmax values for each patient (Figures 3, 4). 
Values for whole vessel SUVmax and TBRmax 
are shown in Table 2. 

The absolute SUVmax in psoriatic patients for 
LICA, LCCA, RICA and RCCA were 1.59 ± 0.24, 
1.72 ± 0.38, 1.62 ± 0.27, and 1.75 ± 0.39 
respectively, which was not statistically differ-
ent from SUVmax in controls, which were 1.78 
± 0.32 , 1.74 ± 0.22, 1.60 ± 0.29 and 1.74 ± 
0.33 respectively. Similar trends were also 
seen in TBRmax values. The absolute TBRmax 
in psoriatic patients for LICA, LCCA, RICA and 
RCCA were 1.08 ± 0.14, 1.17 ± 0.27, 1.15 ± 
0.17 and 1.24 ± 0.19 respectively, which was 
not statistically different from TBRmax in con-
trols, which were 1.29 ± 0.39, 1.28 ± 0.44, 
0.98 ± 0.25 and 1.07 ± 0.28 respectively. P 
values are listed in Table 2. Boxplots compar-

ing SUVmax and TBRmax between psoriasis 
group and control group were shown in Figure 5 
for left sided vessels and Figure 6 for right 
sided vessels. SUVmax and TBRmax values 
were higher in psoriasis group for RICA and 
RCCA without reaching statistical significance. 

On correlating SUVmax and TBRmax for same 
vessels, significant correlations between LICA 
SUVmax and LCCA SUVmax (r = 0.81, p = 
0.004), between LICA TBRmax and LCCA 
TBRmax (r = 0.72, p = 0.016), between RICA 
SUVmax and RCCA SUVmax (r = 0.89, p = 
0.0005), and between RICA TBRmax and RCCA 
TBRmax (r = 0.83, p = 0.0027) were seen 
(Figure 7). On evaluation of the MRI images, 
there was no visible plaque in any of the evalu-
ated vessel segments. There was no abnormal 
wall thickening or contrast enhancement. 

Figure 5. Box plots of absolute SUVMAX and TBRMAX values for left sided vessels comparing psoriasis patients with 
control group for ICA SUVMAX (A), ICA TBRMAX (B), CCA SUVMAX (C), and CCA TBRMAX (D). Box-plot edges indicate 
the 25th and 75th percentiles, central bars indicate medians and whiskers indicate extremes.
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Discussion

To our knowledge this study is the first to inves-
tigate the use of carotid PET/MRI in the psori-
atic patient population. Our study has demon-
strated the feasibility of carotid PET/MRI for the 
assessment of metabolic changes in psoriatic 
patients. 

Psoriasis is associated with increased athero-
sclerotic risk in different vascular beds, includ-
ing carotid arteries and these patients have 
been shown to frequently present with carotid 
plaques [30, 31]. MRI enables carotid arterial 
wall delineation with high spatial and temporal 
resolution, which helps in accurate measure-
ment of 18F-FDG PET uptake, which is associat-
ed with atherosclerotic plaque inflammation 
[16, 17]. The superior visualization of the arte-

rial wall with MRI compared to CT, along with 
comparable lesion identification (3, 4) indicates 
the use of PET/MRI as an alternative for PET/CT 
in assessing early vascular metabolic changes 
associated with carotid atherosclerosis [19, 
24]. This potentially allows safer and more 
effective early detection of plaque formation 
and assessment of subsequent cardiovascular 
risk in psoriasis patients.

The utility of FDG-PET/CT in assessment of vas-
cular plaques in psoriatic patients has been 
studied, with increased SUVmax on PET/CT cor-
responding to plaque formation [32, 33]. PET/
CT has also been used in establishing the rela-
tionship between 18F-FDG uptake and reduc-
tion in vascular smooth muscle cells ultimately 
leading to collagen degradation and adventitia 

Figure 6. Box plots of absolute SUVMAX and TBRMAX values for right sided vessels comparing psoriasis patients 
with control group for ICA SUVMAX (A), ICA TBRMAX (B), CCA SUVMAX (C), and CCA TBRMAX (D). Box-plot edges indi-
cate the 25th and 75th percentiles, central bars indicate medians and whiskers indicate extremes.
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remodeling in atherosclerosis [29]. Furth- 
ermore, PET/CT has shown reduction in 18F-
FDG uptake of carotid arteries in psoriasis 
patients receiving tumor necrosis factor-α 
antagonist therapy (adalimumab) [34]. However, 
despite the established use of PET/CT for vas-
cular plaque detection, PET/MRI may be more 
accurate for plaque detection and localization 
as well as assessment of novel therapeutics 
due to its focus on arterial wall rather than vas-
cular lumen as measured in PET/CT [16]. Dave 
et al showed localization of inflammation 
detected in blood vessels by PET/CT in a psori-
atic patient to the wall of the aorta when exam-
ined by PET/MRI [35]. 

A previous study has shown that FDG-PET/MRI 
is a feasible modality for assessment of 
increased carotid artery metabolic activity and, 
in turn, inflammation for subjects at risk for 
heart disease [36]. Increased TBR on PET/MRI 

has been correlated to symptomatic athero-
sclerotic carotid plaques [37]. Furthermore, 
one study has shown strong association 
between significant findings on individual 
18F-FDG-PET and T1 weighted MRI and the 
presence of lipid-rich or hemorrhagic carotid 
plaques [38]. Such plaques may have an 
increased risk to rupture leading to cerebrovas-
cular events, such a stroke. These studies indi-
cate the potential diagnostic significance of 
PET/MRI for prediction of early development of 
carotid atherosclerotic plaques and detection 
of symptomatic carotid plaques in psoriasis 
patients. 

Due to the capability of PET/MRI to predict 
early carotid plaque onset in patients with car-
diovascular risk, this modality can emerge as 
an attractive hybrid imaging tool in psoriasis 
patients who face increased risk of athe- 
rosclerosis. 

Figure 7. Correlation of SUVMAX and TBRMAX values between CCA and ICA vessels on the same side. A. Left CCA vs 
Left ICA SUVMAX; B. Left CCA vs Left ICA TBRMAX; C. Right CCA vs Right ICA SUVMAX; and D. Right CCA vs Right ICA 
TBRMAX. Significant positive correlations were demonstrated in all four segments (Spearman rank correlation test). 
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Our study has several limitations including the 
sample size, which is small. We present prelimi-
nary data only and further studies in larger 
patient populations is required. In addition, the 
patients in our study were relatively healthy 
psoriasis patients without a high risk for factors 
known to increase the risk of cardiovascular 
disease. This is the probable cause for no sig-
nificant difference between psoriasis patients 
and controls in our study. This has also restrict-
ed the predictive ability of our study as we were 
only able to correlate 18F-FDG uptake between 
internal and common carotids and ipsilateral 
carotid artery segments without further com-
parison of SUVmax and TBRmax between 
carotid plaques. Since we did not have PET/CT 
data, we could not correlate 18F-FDG uptake in 
PET/MRI and PET/CT and quantify the benefit 
of PET/MRI over PET/CT. Further studies are 
needed to determine the predictive value and 
potential indications of carotid PET/MRI in pso-
riasis patients. 

Conclusion

Carotid PET/MRI is feasible in psoriatic patients 
for detection of atherosclerosis. The combina-
tion of PET and MRI enables acquisition of 
acute morphological and metabolic information 
without the need for ionizing radiation. Further 
studies in larger patient cohorts are required to 
evaluate the clinical utility of carotid PET/MRI in 
psoriatic patients. 
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