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Abstract
Today, the use of cardiovascular magnetic resonance 
(CMR) is widespread in clinical practice. The increased 
need to evaluate of subtle myocardial changes, coronary 
artery anatomy, and hemodynamic assessment has 
prompted the development of novel CMR techniques 
including T1 and T2 mapping, non-contrast angiography 
and four dimensional (4D) flow. T1 mapping is suitable for 
diagnosing pathologies affecting extracellular volume such 
as myocarditis, diffuse myocardial fibrosis and amyloidosis, 
and is a promising diagnostic tool for patients with iron 
overload and Fabry disease. T2 mapping is useful in 
depicting acute myocardial edema and estimating the 
amount of salvageable myocardium following an ischemic 
event. Novel angiography techniques, such as the self-
navigated whole-heart or the quiescent-interval single-
shot sequence, enable the visualization of the great 
vessels and coronary artery anatomy without the use of 
contrast material. The 4D flow technique overcomes the 
limitations of standard phase-contrast imaging and allows 
for the assessment of cardiovascular hemodynamics in the 
great arteries and flow patterns in the cardiac chambers. 
In conclusion, the future of CMR is heading toward a 
more reliable quantitative assessment of the myocardium, 
an improved non-contrast visualization of the coronary 
artery anatomy, and a more accurate evaluation of the 
cardiac hemodynamics.

Key words: Cardiac magnetic resonance; T1 mapping; 
Magnetic resonance angiography; T2 mapping; Four 
dimensional flow
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Core tip: The increased need for the evaluation of subtle 
myocardial changes, coronary artery anatomy, and 
hemodynamic assessment has prompted the development 
of novel cardiovascular magnetic resonance (CMR) 
techniques including T1 and T2 mapping, non-contrast 
angiography and four dimensional flow. CMR is heading 
toward a more reliable quantitative assessment of the 
myocardium, an improved non-contrast visualization 
of the coronary artery anatomy, and a more accurate 
evaluation of the cardiac hemodynamics.

De Cecco CN, Muscogiuri G, Varga-Szemes A, Schoepf UJ. 
Cutting edge clinical applications in cardiovascular magnetic 
resonance. World J Radiol 2017; 9(1): 1-4  Available from: URL: 
http://www.wjgnet.com/1949-8470/full/v9/i1/1.htm  DOI: http://
dx.doi.org/10.4329/wjr.v9.i1.1

Cardiovascular magnetic resonance (CMR) has become 
a fundamental tool in the diagnostic and therapeutic 
pathways of several cardiac and vascular diseases. 
CMR allows for the fast and accurate assessment of 
cardiac anatomy and function, non-invasive tissue chara-
cterization, and blood flow quantification in a single 
examination. Standard pulse sequences such as T1-
weighted and T2-weighted turbo spin echo (TSE) and 
late gadolinium enhancement (LGE) techniques are 
widely utilized for myocardial tissue characterization 
in clinical practice. T1 TSE sequences can depict fatty 
replacement in arrhythmogenic right ventricular cardio-
myopathy, whereas T2-weighted imaging is essential 
for the evaluation of acute myocardial damage. LGE is 
important for the assessment of replacement fibrosis and 
pathologies characterized by myocardial interstitial space 
expansion.

Although the above techniques have been accepted 
for clinical application, the use of these sequences 
for myocardial tissue characterization has a number 
of limitations. For example, the myocardial signal 
intensity in T2-weighted images can be influenced 
by the proximity of the surface coils[1]. Qualitative ev-
aluation of LGE images is operator-dependent and 
quantitative assessment is strongly influenced by the 
designated signal intensity threshold[2]. The value of the 
LGE technique may also be limited in cases with diffuse 
myocardial fibrosis[3]. Furthermore, it is important to 
note that LGE requires the administration of contrast 
agent and is, therefore, not suitable for patients with 
severe kidney dysfunction.

In order to overcome the aforementioned limitations, 
CMR sequences including T1 and T2 mapping have 
recently been developed. 

T1 mapping was first introduced to detect diffuse 
myocardial fibrosis; however, this approach would also be 

beneficial in patients with congenital or acquired cardiac 
pathologies characterized by changes in myocardial 
extracellular space. In general, T1 mapping can be 
performed before and after contrast administration. By 
combining native and post-contrast T1 measurements, 
the myocardial partition coefficient can be derived, which 
allows for the calculation of the extracellular volume (ECV) 
after accounting for the patient’s hematocrit (Figure 1)[4]. 
Because native T1 correlates with ECV, this technique 
may allow for tissue characterization in patients with 
kidney dysfunction, presenting a distinct advantage over 
LGE imaging techniques. The variation in the range of 
normal native T1 values stems from the use of different 
T1 mapping pulse sequences (inversion recovery vs 
saturation recovery), pulse sequence schemes, magnetic 
field strengths, etc[5]. Despite this variation, native T1 
mapping has the potential to play a major role in the 

Native T1-map

700                                     2000

1000 ms

Post-contrast T1-map

300                                      700

500 ms

ECV map

0                                         100

25%

Figure 1  Native T1-map, post-contrast T1-map, and extracellular volume 
map of the myocardium in a healthy subject. ECV: Extracellular volume.
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diagnosis of a variety of cardiac cases. Sado et al[6] 
showed that T1 mapping improves the detection of mild 
iron overload. Fontana et al[7] and Banypersad et al[8] 
showed that native T1 values are significantly higher in 
patients with cardiac amyloidosis compared to healthy 
controls and changes in native T1 and ECV can be 
considered prognostic biomarkers. Additionally, native 
T1 mapping may be essential in the differential diagnosis 
of Fabry disease as well as other cardiac diseases 
characterized by a hypertrophic phenotype[9].

T2 mapping is based on the collection of different T2-
weighted images to sample the T2 decay. T2 mapping 
is useful for the evaluation of cardiac pathologies cha-
racterized by acute myocardial inflammation such as 
acute myocardial infarction, myocarditis, heart transplant 
rejection and Takotsubo cardiomyopathy[10]. 

Over the past few years, magnetic resonance angio-
graphy (MRA) has been surpassed by CT angiography in 
the clinical arena, mostly due to its faster acquisition time 
and the concerns related to gadolinium administration-
induced nephrogenic systemic sclerosis (NSF). However, 
recent MR pulse sequence developments show substantial 
improvement in several aspects. For example, self-
navigated whole-heart MRA provides a 3D volume 
involving the entire heart and the great vessels with an 
acquisition time of less than 7 min. In addition, it depends 
less on patient cooperation and can be performed in 
a free-breathing fashion in a predictable time frame 
with 100% image acquisition efficiency[11]. Quiescent-
interval single-shot (QISS) MRA (Figure 2), another novel 

development, is a robust MRA technique available for 
both 1.5T and 3T acquisitions. QISS MRA has shown high 
diagnostic accuracy for the detection of significant arterial 
stenosis in the lower extremities compared to contrast-
enhanced MRA and invasive catheter angiography[12,13]. 
QISS MRA has also shown promising results for coronary 
artery imaging[14]. 

The hemodynamic evaluation of blood flow in the 
great arteries and blood flow patterns in the cardiac 
chambers also play an important role in patient pro-
gnosis, particularly in congenital heart disease ass-
essment. Four dimensional (4D) flow is a promising 
new technique that proves superior to standard phase-
contrast imaging by providing additional information 
regarding the flow dynamics in the great arteries and 
flow pathways in both cardiac chambers and great 
vessels[15]. This added information about flow pathways 
in cardiac chambers and great vessels has the potential 
to aid in identifying left ventricular dysfunction in patients 
with dilated cardiomyopathy[16]. In addition, 4D flow 
allows for wall shear stress evaluation, which helps to 
better understand the pathologies involving the great 
vessels[17]. 

Considering the variety of new pulse sequences and 
their potential clinical applications, what is the future of 
CMR?

T1 and T2 mapping is expected to play a crucial 
role in depicting subtle myocardial changes. Both 
techniques may help to eliminate subjectivity in image 
analysis. The identification of disease-specific T1 and 
T2 normal ranges would be a great achievement for 
the accurate quantification of ECV expansion and 
detection of myocardial involvement. Novel MRA pulse 
sequences have the potential to broaden the range of 
clinical indications, providing a valid alternative to CT 
angiography. Finally, the 4D flow technique may advance 
understanding of the pathophysiology of different 
vascular diseases and the hemodynamic impact of 
flow abnormalities, as well as help with preoperative 
planning. In addition, a combined T1 mapping and 4D 
flow approach may provide a better understanding of 
the relationship between hemodynamics and changes in 
myocardial tissue[18]. 

In conclusion, CMR is heading toward a more 
reliable quantitative assessment of the myocardium, 
an improved non-contrast visualization of the coronary 
artery anatomy, and a more accurate evaluation of 
cardiac hemodynamics.
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Abstract
Functional magnetic resonance imaging (fMRI) is em-

ployed in many behavior analysis studies, with blood 
oxygen level dependent- (BOLD-) contrast imaging being 
the main method used to generate images. The use of 
BOLD-contrast imaging in fMRI has been refined over 
the years, for example, the inclusion of a spin echo pulse 
and increased magnetic strength were shown to produce 
better recorded images. Taking careful precautions to 
control variables during measurement, comparisons 
between different specimen groups can be illustrated 
by fMRI imaging using both quantitative and qualitative 
methods. Differences have been observed in comparisons 
of active and resting, developing and aging, and defective 
and damaged brains in various studies. However, cognitive 
studies using fMRI still face a number of challenges in 
interpretation that can only be overcome by imaging 
large numbers of samples. Furthermore, fMRI studies of 
brain cancer, lesions and other brain pathologies of both 
humans and animals are still to be explored.

Key words: Functional magnetic resonance image; Blood 
oxygen level dependent imaging; Humans; Pig and rodent 
models; Aging; Drug effects; Brain lesions and disease
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Core tip: We summarize the use of blood oxygen level 
dependent-contrast imaging in functional magnetic reso-
nance imaging (fMRI) by introducing and comparing the 
various experimental and analysis methods used, as well 
as describing the results obtained, and the challenges that 
might occur in order to derive a hypothesis for further 
studies and exploration. In addition, an overview of fMRI 
following sensory stimulation in different specimen groups 
in both humans and animals is provided. 
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INTRODUCTION
There have recently been a significant number of be
havior response analysis studies that have made use 
of magnetic resonance imaging (MRI), and in particular 
functional magnetic resonance imaging (fMRI). The 
majority of these studies make use of blood oxygen 
leveldependent (BOLD) contrast imaging, which 
involves mapping particular regions of a functioning 
brain, from the changes in blood oxygen. 

BOLDcontrast imaging fMRI has a good enough 
spatial resolution for the localization of activated brain 
areas and their delineation from neighbouring regions 
to be visualised. The voxel representing the area of 
activation is usually defined as covering a few million 
neurons[1]. In addition, the BOLD response lags 1 to 2 
s behind the stimulus in order for the vascular system 
to respond, and in general it peaks at 5 s after the 
stimulus. A continuation of the same stimulus would 
downregulate the BOLD response[13]. A refractory 
period of just a few seconds is frequently inadequate 
for BOLD imaging after activation to fade (see below), 
depending on whether the mode of activation is motor, 
sensory or emotional.

To eliminate noise in the recording, the stimulus 
must be repeated several times. This process often 
takes a few minutes to complete, and the results 
can then be compared across different individuals or 
animals[1,4]. With regards to the latter, rodents, pigs 
and monkeys have all been employed in behavior 
response analysis studies with BOLDcontrast imaging 
fMRI[59]. This technique and thus the quality of images 
generated, has been improved by using both a spin 
echo pulse and increasing the magnetic strength[10]. 

One region of the brain that is popular for fMRI 
mapping due to it being relatively easy to generate a 
stimulus, is the sensory part of the brain, including the 
lateral geniculate bodies and the cortex[11]. Over the 
last ten years, our group has employed a number of 
different inputs of both sensory and motor activations 
for fMRI mapping, with some success. These include 
chewing, the opposition of the thumb (in humans) 
and passively flexing the elbow (in animals). These 
different types of activation trigger both the motor 
and the sensory systems, such as proprioception and 
movement[12,13]. However, only a limited number of 
clinical studies on head injuries, Alzheimer’s disease and 
drug use have been documented using this method so 
far[4].

QUANTIFYING FMRI RESULTS
In the course of performing fMRI and comparing different 
specimen groups, it is often necessary to illustrate 
comparisons with quantitation. This can be achieved 
via a number of methods. For example, the different 
levels of oxygen usage are frequently illustrated with 
a pseudocolor scale in the images acquired. In the 

commonly used fourcolor scale, red indicates the highest 
level of oxygen uptake, yellow is an intermediate level 
of uptake, green indicates the normal level of oxygen, 
and blue indicates oxygen levels that are lower than 
normal (i.e., downregulation; Figure 1). Utilizing this 
type of color scale, the researcher can easily compare 
the volumes of the variouslycolored regions either in a 
specific part of the brain or globally in the whole brain. 
Indeed, some wellfunded research laboratories can afford 
to purchase software specifically designed to calculate 
the morphometry for this purpose. Another method used 
for quantitating fMRI images, which is perhaps more 
applicable to the smaller, less affluent groups  involves 
manually counting squares on a simple grid. This is placed 
on successive slices of the fMRI image, after which volume 
data can be calculated. Though tedious, this method can 
yield results that are as accurate as those generated from 
expensive software packages. 

In addition to quantitative analysis, qualitative eva
luation is also important, for instance to determine the 
specific regions of the brain that are activated during 
a particular type of movement. Some of the areas 
that are activated might be nonspecific, in which case 
the investigator has to carefully consider each site of 
activation to determine if any logical deduction might be 
obtained. In this respect, at least six individuals, when 
available, should be used for every experiment in each 
group in order to obtain the nnumbers required to 
compare the data statistically. Indeed, in some of our 
previous studies, we aimed to recruit at least a dozen 
individuals per group. While this was not difficult to 
achieve with studies using animals, it was sometimes 
difficult to solicit this number of human volunteers or 
patients. In addition, we found that fMRI studies are 
particularly hard to evaluate when the experiments 
involve cognitive changes that might be affected by 
emotions. The results of psychometrical tests were 
variable in different individuals, especially in those with 
neurosis.

fMRI recordings require the subject (whether human 
or animal), to perform a particular action in order to 
trigger a dynamic uptake of oxygen into the brain. This 
is because fMRI recordings are based on the subsequent 
increase in oxygen demand from the brain tissue upon 
the execution of a certain stimulus, whether it is motor, 
sensory or emotional. One memorable case involved 
human subjects being asked to repeat a set words in 
the correct sequence, which elicited a notable increase 
of blood oxygen levels in the inferior frontal area (BA44) 
of the brain[14]. In this study, an uptake of oxygen was 
normally elicited after repeated and continuous stimulus, 
and the acquisition of the BOLDcontrast image was 
usually completed within several seconds after the 
stimulation ended (in this case after 6 to 18 s). The 
acquisition of subsequent BOLDcontrast images took 
> 1 s per slice, e.g., 1.6 s[14]. The images acquired were 
then superimposed on the neuroanatomical image of the 
corresponding slices, which facilitated the localization of 
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the sites of recording[14].

FMRI HUMAN CASES AND 
DOWNREGULATION
In previous studies, we engaged human volunteers in 
active movements such as the opposition of the finger 
and thumb, flexion of the arm or mastication (e.g., by 
chewing gum)[12,15]. In animals, such as pigs, rodents and 
monkeys, however, it is often difficult to capture fMRI 
images while they are freely and actively moving. Thus, 
passive movements tend to be performed instead. These 
include flexion and extension of the limbs and visual 
stimulation, as well as treatment with drugs. 

In order to determine the effect of a specific be
haviour on the amount of oxygen uptake in particular 
regions of the brain using fMRI, images acquired during 
movement and at rest must be compared. Indeed, 
valid data can be acquired by subtracting the results 
recorded at rest from those recorded during movement. 
Thus, subjects must be imaged as they perform a 
certain type of movement and then again when they 
are at rest. It would also be interesting to compare 
data from fMRI images acquired at different durations 
of rest after movement, as this might provide useful 
information regarding changes in the brain that occur 
during recovery after movement. 

A typical example of a standard fMRI recording is 
depicted in Figure 1. Figure 1A indicates a recording that 
was acquired when the test subject was at rest. When 
we conducted this experiment, we were interested to find 
that in a number of individuals, some sporadic activity 
occurred in the cortex even at rest. In the recording of 

the individual shown in Figure 1, varying levels of activity 
were registered in the motor, sensory and visual areas 
of the brain, as well as in the midline of the cortex. Upon 
stimulation (achieved by thumb and finger opposition), 
clear and intensive reactions became apparent in the 
BOLDcontrast images, but these were limited to the 
motor and sensory areas alone (Figure 1B). Figure 1C 
depicts the corresponding fMRI image from the same 
individual following two minutes of stimulation and then 
oneminute of rest. It is still possible to recognise some 
residual increased brain activity in the post stimulation 
resting state. These figures demonstrate the importance 
of the timing used for the evaluation and comparison 
of data, as well as the use of the same individual for 
collecting corresponding sections in each series.

Another comparison method involves depicting of 
all the active sites of BOLDcontrast fMRI images in the 
whole brain both at rest and during stimulation. Both 
of these different methods of comparison are useful in 
their own way, with the comparison of corresponding 
slices providing a quantitation of comparison on specific 
sites, whereas  the whole brain images provide a global 
picture of all the active sites.

In addition to recording the uptake of blood oxygen 
levels into the brain, the downregulation of blood oxygen 
has also recently been imaged by fMRI, in order to 
evaluate subjects with brain damage or brain defects. 
Figure 1D is an fMRI slice of the brain of longterm 
heroin addict. The large numbers of blue spots indicate 
regions of the brain where the blood oxygen levels are 
lower than normal (as described above, green indicates 
normal levels of oxygen). In the drug addict’s brain, the 
blood oxygen was low (i.e., downregulated) in the grey 

Figure 1  Functional magnetic resonance imaging image 
of different states. A: fMRI of a short term heroin addict at 
rest performing no activity and thus have no bodily stimulation. 
Note some areas still have high BOLD activity (red); B: fMRI of 
a short term heroin addict when performing motor and sensory 
activities. Note BOLD image in different regions showing high 
upregulation of BOLD (red), medium BOLD activity (yellow). 
While blue indicates downregulation of BOLD activities; C: fMRI 
of the same individual in (B) at rest after stimulation. There were 
still some high activity spots of BOLD after stimulation and at rest 
(red); D: fMRI of a long term (over 7 years) addict of heroin at 
rest. Many downregulated BOLD spots in the brain (blue). fMRI: 
Functional magnetic resonance imaging; BOLD: Blood oxygen 
level dependent.

A B

C D
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matter, and also in the fibers, especially those in the 
corpus callosum (Figure 1D). These data confirm those 
acquired from ordinary MRI of addicts on abusive drugs, 
which also demonstrated degenerative sites[16], especially 
degenerative fibers or grey matter in the cortex, or in 
groups of nuclei in the cerebellum.

THE USE OF FMRI TO STUDY BRAIN 
DEVELOPMENT AND DISEASE
fMRI recordings are useful for evaluating the changes 
in the overall activity of specific brain regions, not only 
in adults, but also in developing and aging animals. 
For example, in one study, fMRI was conducted in the 
neonatal pig. At this stage of development the brain is 
relatively immature, and it was shown that stimulation 
of either sensory or motor activities in the body elicited 
a wide global and nondiscrete response in the brain[7]. 
Several months later, stimulation of the same activities 
only produced induced BOLD responses in discrete 
and related areas of the brain. This example clearly 
shows that nonselective responses were elicited in 
the immature brain, whereas in the maturing or fully 
mature brain, the particular neuronal groups that fired 
were specific to the related functioning areas. The 
same type of global nonspecific firing observed in the 
fMRI of the immature brain can also be observed in 
some brain diseases such as schizophrenia and bipolar 
disorders. Followup cytochemical and histological 
studies conducted with the pig concluded that during the 
development and maturation of the brain, superfluous 
pathways were pruned significantly, and the number 
of inhibitory contacts that refine the specificity of each 
pathway of the brain increased. This study and others, 
demonstrated the usefulness of utilizing BOLD and  fMRI 
for understanding psychiatric and neurological diseases, 
and they facilitated the collection of pathological 
specimens along the way at the same time. The use of 
fMRI imaging in conjunction with cytochemistry and/or 
classical pathohistological techniques has the potential 
to become a very powerful tool to help with the analysis 
of neurological diseases and mental disorders. 

In addition to imaging the developing brain, fMRI 
can be applied to the aging brain. In a study employing 
humans of different ages (i.e., young, middleaged 
and old), BOLDcontrast imaging of fMRI was recorded 
in each group as they performed the same motor 
activities[12]. The results obtained were interesting and 
significant. More brain area activations were recorded in 
individuals in the “old” group (i.e., around 70 years of 
age), when compared with individuals from the young 
and middleaged groups as they conducted the same 
motor activity. It was concluded that the older brain 
is less efficient, and so larger areas are required to 
achieve a certain job. To substantiate this proposition, 
it was necessary to obtain a similar result in animals. 
As mentioned previously, specific active movements 
are a challenge to initiate in animals but passive 

movements are easier to control although the results 
obtained are more difficult to interpret. Therefore, in 
one a series of experiments we conducted, we used 
sensory stimulation in order to evaluate the aging hy
pothesis by applying a weight to the tail of rodents of 
different ages[17]. The results obtained with the rodents 
complimented those of the human studies in that the 
sensory stimulus triggered increased blood oxygen 
levels in larger areas of the brains of the older animals 
than in the young groups. It is therefore tempting to 
conclude that larger areas of the brain are recruited in 
the aging groups than in the young groups, to conduct 
the same functional activity. Perhaps this is due to 
brains being less efficient overall on aging. On the other 
hand, it is also possible that on aging it is normal for 
additional areas of the brain to be used to engage in 
activities. This would therefore illustrate the plasticity of 
the brain during aging rather than simply a reduction in 
the efficiency over time.

CHALLENGES AND FUTURE DIRECTIONS 
FOR FMRI STUDIES
Cognitive studies using fMRI are extremely important, 
but the results can be a challenge to interpret. The 
main difficulties lie in the psychometric nature of the 
individual to be recorded. For instance, some individuals 
are very anxious and when they are asked unrelated 
questions, this elicits responses in areas of the brain 
that are not normally engaged. Interpretation of data 
therefore depends on being able to collect a large 
enough number of samples to be able to exclude false 
positive results. fMRI imaging has largely been con
ducted with humans (including normal individuals, 
patients, addicts, and aged individuals), as well as in 
animal models of addiction and aging[18,19]. In the case 
of patients with various diseases, the way forward for 
fMRI and its potential are largely still underexplored. 
However, it might be very insightful to find out how 
areas of the brain areas react in patients with brain 
cancer, for example. It would also be interesting to 
explore any changes that might occur in focal path
ological areas and in normal areas surrounding the 
pathology; as well as what changes take place in the 
brain as the disease progresses. These are just a few 
of the studies that might be conducted using BOLD
contrast fMRI.
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Abstract
AIM
To investigate the role of contrast enhanced ultrasound 
(CEUS) in evaluating patients with renal function im-
pairment (RFI) showing: (1) acute renal failure (ARF) of 
suspicious vascular origin; or (2) suspicious renal lesions.

METHODS
We retrospectively evaluated patients addressed to CEUS 
over an eight years period to rule-out vascular causes of 
ARF (first group of 50 subjects) or assess previously found 
suspicious renal lesions (second group of 41 subjects with 
acute or chronic RFI). After preliminary grey-scale and 
color Doppler investigation, each kidney was investigated 
individually with CEUS, using 1.2-2.4 mL of a sulfur 
hexafluoride-filled microbubble contrast agent. Image 
analysis was performed in consensus by two readers who 
reviewed digital clips of CEUS. We calculated the detection 
rate of vascular abnormalities in the first group and 
performed descriptive statistics of imaging findings for the 
second group.

RESULTS
In the first group, CEUS detected renal infarction or 
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cortical ischemia in 18/50 patients (36%; 95%CI: 
23.3-50.9) and 1/50 patients (2%; 95%CI: 0.1-12), 
respectively. The detection rate of infarction was sig-
nificantly higher (P  = 0.0002; McNemar test) compared to 
color Doppler ultrasonography (10%). No vascular causes 
of ARF were identified in the remaining 31/50 patients 
(62%). In the second group, CEUS detected 41 lesions 
on 39 patients, allowing differentiation between solid 
lesions (21/41; 51.2%) vs  complex cysts (20/41; 48.8%), 
and properly addressing 15/39 patients to intervention 
when feasible based on clinical conditions (surgery and 
cryoablation in 13 and 2 cases, respectively). Cysts were 
categorized Bosniak Ⅱ, ⅡF, Ⅲ and Ⅳ in 8, 5, 4 and 3 
cases, respectively. In the remaining two patients, CEUS 
found 1 pseudolesion and 1 subcapsular hematoma. 

CONCLUSION
CEUS showed high detection rate of renal perfusion 
abnormalities in patients with ARF, influencing the 
management of patients with acute or chronic RFI and 
renal masses throughout their proper characterization.

Key words: Contrast-enhanced ultrasonography; Renal 
function impairment; Acute renal failure; Renal infarction; 
Renal lesions; Renal cysts; Bosniak classification

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Imaging in patients with renal function im-
pairment (RFI) is challenging because of well-known 
limitations of conventional color Doppler ultrasound or 
risks related to the use of contrast media on computed 
tomography and magnetic resonance imaging. Contrast-
enhanced ultrasound is a safer imaging tool in patients 
with RFI, showing 36% detection rate of renal infarction 
in patients with acute renal failure of suspicious vascular 
origin, and the capability of characterizing renal lesions in 
order to address patients to most proper treatment.

Girometti R, Stocca T, Serena E, Granata A, Bertolotto M. Impact 
of contrast-enhanced ultrasound in patients with renal function 
impairment. World J Radiol 2017; 9(1): 10-16  Available from: 
URL: http://www.wjgnet.com/1949-8470/full/v9/i1/10.htm  DOI: 
http://dx.doi.org/10.4329/wjr.v9.i1.10

INTRODUCTION
Despite technical improvements, imaging of patients 
with renal function impairment (RFI) is challenging. 
Contrast-enhanced computed tomography (CT) and 
magnetic resonance imaging (MRI) provide panoramic 
representation of the kidneys, perirenal spaces, and 
vessels, leading to high diagnostic accuracy. However, 
iodinated contrast agents are potentially harmful in 
patients with RFI because of the risk of contrast-induced 
nephropathy (CIN)[1]. Although risk for nephrogenic 
systemic fibrosis (NSF) has been better defined over the 

last years, concerns still exist for the use of gadolinium 
chelates in patients with RFI, given uncertainty in patho-
genic mechanisms and/or potential additional side effects 
related to gadolinium accumulation in the brain[1-4]. 
In practice, it is recommended to consider alternative 
imaging modalities in patients at risk with the use of 
iodinated or gadolinium contrast media[1].

Color-Doppler ultrasound (US) is the first imaging 
modality in patients with RFI. It is widely used to rule-out 
obstruction or investigate renal vessels and parenchymal 
abnormalities without the use of nephrotoxic agents[5]. 
In addition, US permits the detection of incidental, 
otherwise unknown renal lesions. However, there are 
well-known limitations of conventional Doppler modes in 
evaluating these patients, including difficult detection of 
perfusion abnormalities in globally hypoperfused kidneys, 
and unreliable characterization of renal masses other 
than simple cysts[5-8]. In particular, conventional Doppler 
modes do not allow differentiation between hypovascular 
tumors and complicated cysts[9,10], both of common 
occurrence in patients with RFI, nor can reliably assess 
the risk of malignancy of complex cystic masses.

Contrast-enhanced ultrasound (CEUS) has been 
advocated as the imaging modality of choice to evaluate 
patients with RFI, given the absence of nephrotoxicity 
and the ability of representing renal vascularization 
with excellent sensitivity and high spatial resolution[9,11]. 
According to the European federation of societies for 
ultrasound in medicine and biology (EFSUMB) guidelines, 
imaging with CEUS should be considered in every patient 
with RFI, when able to provide the clinically necessary 
information[1]. CEUS has the potential to compensate 
for limitations of conventional Doppler modes with 
a diagnostic performance comparable or superior to 
CT in the detection of perfusion abnormalities, lesion 
characterization (cystic vs solid), and categorization 
of cysts according to Bosniak criteria[10,12-14]. To our 
knowledge, however, evidence supporting the above 
indications results from reports on patients with normal 
renal function and experts opinion rather than specifically 
addressed studies, which currently lack. 

The purpose of this study was to investigate the role 
of CEUS in a population of patients with RFI to assess 
the cause of renal function deterioration when perfusion 
abnormalities were clinically suspected or characterize 
renal lesions.

MATERIALS AND METHODS
Patient’s population
Referring institutional review board approved this study 
and waived for informed consent acquisition due to the 
retrospective design, in accordance with regulations 
of our country. By performing a computer search, we 
identified all patients with RFI who underwent renal 
CEUS over an 8-years period (January 2004-August 
2012) to assess the cause of renal function deterioration, 
or to attempt characterization of renal masses. Patients 
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of the first group were investigated to rule-out a vascular 
cause for renal function deterioration. They were patients 
with risk factors for renal infarction manifesting a rapid 
decline of the estimated glomerular filtration rate (eGFR). 
In this group, conventional Doppler modes were used to 
investigate the renal arteries and parenchymal vessels, 
while CEUS was subsequently performed to rule-out 
infarcted areas not identified with conventional modes. 
Patients of the second group had renal masses identified 
on previous conventional US or unenhanced CT. All of 
them showed eGFR < 60 mL/min per 1.73 m2 estimated 
from the serum creatinine values using the CKD-EPI 
equation[15]. Renal impairment was scored according 
to the grades of the National Kidney Foundation[16]. We 
assessed RFI according to the Kidney disease improving 
global outcomes (KDIGO) criteria for both acute renal 
failure (ARF)[17] and chronic renal failure (CRF)[18].

A total of 91 patients were enrolled (64 men, 27 
women; age range 40-88 years; mean age 71.4 ± 11.02 
years), showing renal impairment ranging from grade 3 
to grade 5. Indications to CEUS were: (1) assessment 
of renal function deterioration in 50/91 patients; and (2) 
characterization of focal renal lesions in the remaining 
41/91 patients.

CEUS technique
CEUS was performed using different ultrasound equip-
ment and contrast-specific modes (Table 1). After 
preliminary grey-scale and color Doppler investigation, 
CEUS examination was set with low acoustic power to 
achieve minimum microbubble destruction (mechanical 
index between 0.06 and 0.2, depending on the equipment 
used). Each kidney was evaluated separately after i.v. 
injection of a 1.2-2.4 mL dose of a sulfur hexafluoride-
filled microbubble contrast agent (SonoVue, BR1, Bracco, 
Milan, Italy). A 20-gauge cannula was used for contrast 
injection, followed by a 10 mL normal saline flush. Digital 
cine-clips were acquired to allow for post-procedure re-
evaluation.

Image analysis
One radiologist with 18 years of experience in CEUS 
performed all the examinations. For the purpose of 
the study, he and a junior radiologist with five years of 
experience in this technique reviewed in consensus the 
images of conventional Doppler modes and the cine-
clips of entire CEUS examinations, using a commercially 
available display workstation (OsiriX MD v.7.5, Pixmeo, 
Bernex, CH). Readers were blinded to histological 

diagnosis and/or follow-up results. No discrepancies 
were found between image interpretation at the time of 
examinations and during study review. Readers were asked 
to assess the presence of renal infarctions, characterize 
renal lesions as solid or cystic, and classify those with 
cystic appearance at CEUS according to the Bosniak 
criteria. 

Readers assessed renal infarction on conventional 
Doppler modes in presence of parenchymal regions 
lacking color signal[19]. Concerning CEUS, we used the 
following diagnostic criteria: (1) infarction was diagnosed 
in presence of at least one well-defined, wedge-sha-
ped non-enhancing area within an otherwise normal-
appearing kidney[12]; (2) cortical ischemia was diagnosed 
in presence of enhancing interlobar and arcuate arteries 
with non-enhancing portions of the cortex[11]; and (3) 
a lesion was considered solid if more than half of the 
volume was represented by enhancing solid tissue, 
and cystic if composed predominantly of nonenhancing 
spaces[10,20]. Cystic lesions were graded according to the 
Bosniak criteria as previously described[13,14].

Data analysis
For the group of patients investigated to rule-out a 
vascular cause for renal function deterioration we cal-
culated the detection rate of vascular abnormalities 
[(number of positive cases/total number of cases) × 
100]. Analysis was performed on a per-patient basis 
by identifying at least one area of renal involvement. 
Significance of the difference between techniques in 
the detection rate of renal infarction was assessed with 
the McNemar test, using a reference alfa level of 0.01. 
Analysis was performed with a commercially available 
software (MedCalc v9.1, Mariakerke, Belgium). 

For the group of patients with suspicious renal 
lesions we performed descriptive statistics of CEUS 
findings on a per-lesion basis.

RESULTS
Patients with acute RFI of suspicious vascular origin
Of fifty patients, 38 were males and 12 females (mean 
age: 71 ± 9 years, range 40-88 years). They presented 
with ARF either in previously well-functioning kidneys 
(31/50, 62%; 95%CI: 47.2-75.0), or complicating an 
already known CRF (19/50, 38%; 95%CI: 25.0-32.8). 
Causes of ARF were established based on clinical 
history and imaging follow-up in 44/50 cases (88%), 
renal biopsy in 3/50 cases (6.0%) and autopsy in the 

Table 1  Sonographic equipment used in the study

Ultrasound equipment Contrast-specific mode No. of patients 

MyLab-70 (EsaOte) CnTI™ (contrast tuned imaging)   7
ATL HDI5000 (Philips) PIHI™ (pulse inversion harmonic imaging) 15
Sequoia 512 (Acuson Siemens) CPS™ (contrast pulse sequencing) 54
iU22 (Philips) PIHI-PM™ (pulse inversion harmonic imaging – power modulation) 15

Girometti R et al . CEUS in patients with renal failure
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remaining 3/50 cases (6.0%). 
Renal infarction was found in 18/50 patients (36%; 

95%CI: 23.3-50.9) using CEUS and 5/50 (10%; 95%CI: 
3.7-22.6) using color Doppler US, corresponding to a 
significant difference in detection rate (P = 0.0002). 
In particular, CEUS found infarction in 13 additional 
subjects compared to color Doppler US (Figure 1). 
Moreover, CEUS identified acute cortical necrosis in one 
patient (2%; 95%CI: 0.1-12.0) presenting with non-
specific hypoperfusion of the kidneys at color Doppler 
interrogation (Figure 2). 

In the remaining 31/50 patients (62%; 95%CI: 
47.2-75.0), there was no evidence of vascular abnor-
malities both on color Doppler US and CEUS. Final 
presumptive diagnosis was reached in 20/31 patients 
based on clinical and laboratory features, course of 
the disease and kidney biopsy in three subjects (two 
with interstitial nephritis and one with atheroembolic 
renal disease, respectively). Other three patients with 

atheroembolic renal disease had positive skin biopsy. In 
the remaining 12 patients, the cause of renal function 
deterioration remained undetermined. CEUS findings, 
pre-existing renal function and final diagnosis are re-
ported in Table 2. 

Patients with renal lesions
Of 41 patients included in this group, 26 were male 
and 15 female (mean age: 70 ± 14 years, range 41-90 
years). CEUS showed a total of 41 lesions in 39 patients. 

Twenty-one/41 lesions were solid in nature (51.2%; 
95%CI: 35.4-66.8), whereas 20/41 lesions were 
assessed as complex cysts (48.8%; 95%CI: 33.2-64.6). 
Twelve out of 21 solid lesions were removed surgically, 
with final diagnosis of renal cancer, including 11 clear cell 
carcinomas (Figure 3) and 1 urothelial carcinoma. The 
remaining lesions included one oncocytoma diagnosed on 
autopsy, 7 indeterminate lesions addressed to imaging 
follow-up because of patients’ age and comorbidities 
contraindicating surgery, and one inoperable lesion 
addressed to angiographic embolization because of acute 
intratumoral hemorrhage.

Cysts were classified according to Bosniak categories 
Ⅱ, ⅡF, Ⅲ and Ⅳ in 8, 5, 4 and 3 cases, respectively. All 
category ⅡF lesions, 1/4 category Ⅲ and 1/3 category Ⅳ 
cysts remained stable over a 3-years imaging follow-up 
(Figure 4). Two category Ⅲ cysts were a papillary and a 
clear cell renal cell carcinoma (RCC) on biopsy performed 
before percutaneous cryoablation. One category Ⅳ lesion 
was a clear cell RCC at nephrectomy (Figure 5). The 
remaining two patients (one with category Ⅲ, one with 
category Ⅳ cysts) were not operated because of clinically 
relevant comorbidities. Lesions increased in size and 
complexity over time and were considered presumably 
malignant. The remaining two patients with suspicious 
renal tumor on conventional US had a pseudotumour 

Table 2  Overview of fifty patients with acute renal failure addressed to contrast-enhanced ultrasound to rule-out vascular causes

Findings on CEUS Side of CEUS findings Pre-existing renal function Cause of acute renal failure No. of patients with biopsy

Renal infarction (n = 
18)

Unilateral (n = 13)
Bilateral (n = 5)

Chronic RFI (n = 10)
No previous history of RFI (n = 8)

Suspicious embolization (n = 2)
Placement of aortic endoprothesis (n 
= 5)
Aortic dissection (n = 2)
Ischemia (n = 3)
Drug-induced nephrotoxicity (n = 1)
Undetermined (n = 5)

None

Acute cortical 
necrosis pattern (n = 
1)

Bilateral (n = 1) No previous history of RFI (n = 1) Post-surgical, hypovolemic acute 
tubular necrosis (n = 1)

None

No vascular 
abnormalities
(n = 31)

None Chronic RFI (n = 21)
No previous history of RFI (n = 
10)

Atheroembolic disease (n = 10)
Acute pyelonephritis (n = 4)
Interstitial nephritis (n = 2) 
Acute papillary necrosis (n = 1)
Antiblastic drug-induced (n = 1)
Dehydration (n = 1)
Undetermined (n = 12)

1 kidney biopsy, 3 skin biopsy

2 kidney biopsy

CEUS: Contrast enhanced ultrasound; RFI: Renal function impairment.

Figure 1  Patient with solitary kidney developing acute renal failure. 
Contrast enhanced ultrasound showed multiple renal infarctions (arrows) 
involving a large portion of the parenchyma.
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and a subcapsular hematoma at CEUS, respectively. 

DISCUSSION
Current EFSUMB guidelines recommend use of CEUS 
in patients with RFI[1]. Indeed, this technique can be 
performed during the same examination session of color 
Doppler US, thus acting as first-line and problem-solving 
imaging modality at the same time[9,11].

However, indication to CEUS in this scenario is based 
more on theoretical considerations and experts opinion 
than on results of validation studies. Indeed, the ability 
of CEUS to identify renal infarction and to characterize 
complex cystic masses, pseudolesions, and hypovascular 
lesions has been mostly demonstrated in patients with 
well-functioning kidneys[10,12,13,21]. To our knowledge, 
no specific studies focused on patients with renal fa-
ilure. Moreover, there is lack of evidence on whether 

information obtained with CEUS in patients with RFI 
has a clinical impact for patient management. 

Our results on a consecutive series of patients 
with renal failure investigated with CEUS show that 
this technique is effective in identifying renal infarction 
and characterizing renal masses. When a vascular 
cause for the deterioration of the renal function was 
suspected, CEUS either confirmed the diagnosis or, 
when negative, prompted further clinical workup and 
eventually identification of other causes of renal function 
deterioration. CEUS clearly outperformed US with color 
Doppler, with a significantly higher detection rate of 
renal infarction (36% vs 10%) (P = 0.0002). Moreover, 
CEUS was able to differentiate between renal infarctions 
and cortical ischemia, which showed no definite corres-
pondence on color Doppler US. Therefore, CEUS proved 
to be effective as problem solving technique in these 
patients, with the advantage of avoiding radiation 

Figure 2  Patient with grade III chronic renal 
failure developing acute renal failure after 
Endovascular aortic repair. A: Color Doppler 
ultrasound showed avascular kidney; B: Contrast 
enhanced ultrasound showed enhancing hilar 
vessels and lack of enhancement of large 
portions of the cortex (arrowheads) consistent 
with acute cortical necrosis. The contralateral 
kidney was normal (not shown).

Figure 3  Patient with grade III chronic renal 
failure. A: Color Doppler ultrasound showed 
markedly reduced renal parenchyma perfusion and 
a hypoechoic lesion without obvious vascularity 
(arrows); B: Contrast enhanced ultrasound showed 
a solid enhancing mass (arrows) with avascular 
central portion (1). A clear cell RCC with necrotic 
central areas was found at surgery. RCC: Renal 
cell carcinoma.1

Figure 4  Patient with grade IV chronic renal 
failure. A: Grey-scale ultrasound showed a 
complex renal lesion (arrows). Contrast enhanced 
ultrasound showed no intralesional enhancement, 
nor vegetations; B: Two thin septa were visible 
(arrowheads) with minimum enhancement (benign 
minimally complicated cysts, Bosniak category II).

Girometti R et al . CEUS in patients with renal failure
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exposure or the use of nephrotoxic contrast agents. 
When renal lesions were identified in patients with renal 
failure, CEUS was able to discriminate between solid 
and cystic ones, as well as to categorize cysts according 
to the Bosniak criteria. Characterizing lesions with 
indeterminate appearance on conventional US modes 
as a presumably benign cysts prevented unnecessary 
operations in patients with renal failure (usually poor 
surgical candidates with high risk of complications), and 
further deterioration of the renal function.

Though cost-effectiveness analysis was beyond the 
purpose of this study, one can reasonably assume that 
evaluating the above patients with CEUS would led 
to prompt diagnosis and treatment while minimizing 
patients’ risk and costs compared to conventional diag-
nostic strategy combining US and CT/MRI (including 
related complications). One might argue that the use 
of CEUS is often limited to experienced centers, and 
no randomized controlled trials support the above 
statements. However, the experience acquired in re-
ference centres and guidelines recommendations (e.g., 
EFSUMB ones) are now promoting an ever-increasing 
and widespread use of CEUS, as exemplified by extended 
indications to paediatric population[1]. We also believe 
that our study results might contribute as a reference 
for the planning of future studies designed to obtain 
high-level evidence in large populations with normal or 
impaired renal function. Potential effectiveness of CEUS 
diagnosis is further emphasized by the fact that this 
technique can be performed at patients’ bedside, which 
is of special advantage for critically ill ones.

This study has several limitations. The most im-
portant one is that the gold standard investigation has 
not been obtained for the majority of patients with 
renal function deterioration. Because of the concern 
for further deterioration of renal function, no additional 
imaging modalities were performed when the results 
of CEUS and clinical features were found sufficient for 
patient’s work-up. Only a limited number of patients 
with suspicious perfusion abnormalities had kidney 
biopsy (3/50 patients). As a consequence, causative 
diagnosis for renal function deterioration remained 
indeterminate in 5 patients with CEUS findings 
suggestive for renal infarction and 12 patients without 
CEUS evidence of vascular abnormalities. Gold standard 
investigation was not available also for 25/41 renal 

masses (8/21 solid lesions and 17/20 cysts), whereas 
12 patients with presumably malignant renal lesions 
(7 solid indeterminate lesions, 1 inoperable solid lesion 
and 4 Bosniak Ⅲ-Ⅳ cysts) were not operated because 
the surgical risk was considered excessive due to 
comorbidities. However, all operated or ablated lesions 
(n = 15) were found to have cancer at histological 
examination, thus emphasizing the effectiveness of 
CEUS in guiding most proper treatment. 

Another major limitation of the present study is its 
retrospective design. This might have introduced a case-
selection bias, because some cases may have not been 
recorded for inclusion. Additionally, a relatively small 
number of lesions have been evaluated, reflecting the 
fact that CEUS has been performed as a problem solving 
technique to assess very specific diagnostic questions.

Finally, in our series CEUS failed to detect perfusion 
abnormalities in patients with atheroembolic renal 
disease. We can only speculate on the anatomic basis 
for this finding: atheroembolic renal disease consists in 
patchy embolization of very small arteries (interlobular 
and afferent arterioles) by cholesterol crystals resulting 
in cortical ischemic areas which are likely too small to be 
detected with imaging methods.

In conclusion, our study shows that CEUS has a 
significant role as a problem-solving technique for de-
tection of perfusion abnormalities and characterization of 
renal lesions in patients with renal failure. CEUS can be 
performed in emergency at the bedside. In our series, it 
was helpful in stratifying treatment decisions, as shown 
by the fact that all patients with suspicious renal cancer 
in whom surgery was not contraindicated were operated 
properly.
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Background
Imaging in patients with acute or chronic renal function impairment (RFI) is 
challenging because of nephrotoxicity or the risk for nephrogenic systemic 
fibrosis (NSF) related to the use of computed tomography (CT) and magnetic 

Figure 5  Patient with grade III chronic renal 
failure that one category IV lesion was a clear 
cell renal cell carcinoma at nephrectomy. A: Grey-
scale ultrasound showed a complex renal lesion 
(arrow); B: Contrast enhanced ultrasound showed 
thickened wall with a vegetation (1) consistent for a 
presumably malignant, Bosniak category IV lesion. A 
clear cell renal cell carcinoma was found at surgery.
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resonance imaging contrast agents, respectively. Contrast-enhanced ultrasound 
(CEUS) is gaining widespread acceptance as the imaging modality of choice 
to evaluate patients with RFI, given the absence nephrotoxicity and the ability 
of representing renal vascularization with excellent sensitivity and high spatial 
resolution. However, the consensus on its use in this setting is related more 
to experts’ opinion and clinical practice than specifically addressed studies. 
Hence, evidence on this topic still lacks as a basis to support clinical practice 
and future trials.

Research frontiers
CEUS has a pivotal role in assessing patients with RFI. However, despite the 
use of CEUS in this scenario, there is paucity of scientific evidence supporting 
it. The results of the study show that CEUS has a significant impact in managing 
patients with RFI and might contribute to strengthen the recommendation to use 
it as the imaging method of choice in this setting.

Innovations and breakthroughs
The authors provided an evidence-based background for supporting the use of 
CEUS in patients with RFI. CEUS is safer than contrast-enhanced computed 
tomography and/or magnetic resonance imaging in evaluating patients with RFI. 
This technique can be performed on patients’ bedside, thus allowing prompt 
diagnosis and management. 

Applications
Their study shows that CEUS is a problem-solving technique in detecting 
perfusion abnormalities and characterizing renal lesions in patients with renal 
failure.

Terminology
CEUS: An ultrasound technique using microbubble contrast agents.

Peer-review
This is a well-written paper.
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Abstract
AIM
To noninvasively investigate tumor cellularity measured 
using diffusion-weighted magnetic resonance imaging 
(DW-MRI) and glucose metabolism measured by 18F-
labeled fluorodeoxyglucose positron emission tomo-
graphy/computed tomography (18F-FDG-PET/CT) during 
radiation therapy (RT) for human papillomavirus negative 
(HPV-) head and neck squamous cell carcinoma (HNSCC).

METHODS
In this prospective study, 6 HPV- HNSCC patients under-
went a total of 34 multimodality imaging examinations 
(DW-MRI at 1.5 T Philips MRI scanner [(n  = 24) pre-, 
during- (2-3 wk), and post-treatment (Tx), and 18F-FDG 
PET/CT pre- and post-Tx (n = 10)]. All patients received 
RT. Monoexponential modeling of the DW-MRI data 
yielded the imaging metric apparent diffusion coefficient 
(ADC) and the mean of standardized uptake value (SUV) 
was measured from 18F-FDG PET uptake. All patients had 
a clinical follow-up as the standard of care and survival 
status was documented at 1 year.

RESULTS
There was a strong negative correlation between the 
mean of pretreatment ADC (ρ = -0.67, P  = 0.01) and 
the pretreatment 18F-FDG PET SUV. The percentage 
(%) change in delta (∆) ADC for primary tumors and 
neck nodal metastases between pre- and Wk2-3 Tx were 
as follows: 75.4% and 61.6%, respectively, for the 
patient with no evidence of disease, 27.5% and 32.7%, 
respectively, for those patients who were alive with 
disease, and 26.9% and 7.31%, respectively, for those 
who were dead with disease.

CONCLUSION
These results are preliminary in nature and are indicative, 
and not definitive, trends rendered by the imaging metrics 
due to the small sample size of HPV- HNSCC patients in a 
Meixoeiro Hospital of Vigo Experience.

Key words: Diffusion-weighted magnetic resonance 
imaging; Human papillomavirus negative head and neck 
squamous cell carcinoma; 18F-labeled fluorodeoxyglucose 
positron emission tomography/computed tomography

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In the modern era of adaptive radiotherapy, it is 
crucial to understand how different imaging techniques 
interact and complement each other for application in 
cancer care. The quantitative imaging metrics, apparent 
diffusion coefficient and standardized uptake value, play 
a significant role in understanding the efficacy of the 
radiotherapy treatment. Tumor cellularity and glucose 
metabolism were investigated before, during, and 
after radiotherapy in human papillomavirus negative 
head and neck squamous cell carcinoma patients using 
the diffusion-weighted magnetic resonance imaging 
and 18F-labeled fluorodeoxyglucose positron emission 
tomography/computed tomography imaging techniques.

Aramburu Núñez D, Lopez Medina A, Mera Iglesias M, Salvador 
Gomez F, Dave A, Hatzoglou V, Paudyal R, Calzado A, Deasy JO, 
Shukla-Dave A, Muñoz VM. Multimodality functional imaging 
using DW-MRI and 18F-FDG-PET/CT during radiation therapy 
for human papillomavirus negative head and neck squamous cell 
carcinoma: Meixoeiro Hospital of Vigo Experience. World J Radiol 
2017; 9(1): 17-26  Available from: URL: http://www.wjgnet.
com/1949-8470/full/v9/i1/17.htm  DOI: http://dx.doi.org/10.4329/
wjr.v9.i1.17

INTRODUCTION
The Spanish Cancer Registries reported that in 2014, 
241284 new cases of cancer were diagnosed in Spain[1]. 
Out of these, 12696 were head and neck (HN) cancers 
in which approximately 90% were specifically squamous 
cell carcinomas (SCC)[2]. The main subgroup for the 
patients was oropharyngeal SCC wherein 52%-72% 
of the cases were caused by infection from the human 
papillomavirus (HPV)[3]. It has been previously reported 
that HPV negative (-) HNSCC patients have poor 
outcomes compared with HPV-positive (HPV+) cancers[4]. 
Thus, in an effort to perform biologically guided adaptive 
radiotherapy, it is critical to understand how different 
functional imaging techniques interact and potentially 
complement each other[5]. Multimodality imaging, such 
as diffusion-weighted magnetic resonance imaging 
(DW-MRI) and 18F-labeled fluorodeoxyglucose positron 
emission tomography/computed tomography (18F-FDG-
PET/CT), can provide useful anatomical and functional 
quantitative imaging metrics. 

DW-MRI provides a noninvasive measurement for the 
degree of random motion of water in tissue; the rate of 
this diffusion is quantified by a quantitative imaging metric, 
the apparent diffusion coefficient (ADC)[6]. The advantage 
of DW-MRI over traditional anatomical MRI is that it 
can reflect the tissue cellularity and the integrity of cell 
membranes[7]. A recent metaanalysis reported that ADC 
has an inverse correlation with tissue cell density[8]. Kim 
et al[9] have shown that a significant increase in ADC was 
observed within 1 wk of treatment in HNSCC patients who 
were complete responders (P < 0.01). The Vandecaveye 
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et al[10] study further established the utility of ADC in 
differentiating responding from non-responding HNSCC by 
providing a threshold (25% and 20% for primary tumors 
and lymph node metastases, respectively) for the percent 
relative (Δ) ADC change between pre-treatment (Tx) and 
3 wk post-chemoradiotherapy (post-CRT). 

Another quantitative imaging metric, standardized 
uptake value (SUV), obtained from 18F-FDG PET is a 
measure of glucose metabolism. An abnormally elevated 
SUV can be observed in most primary and metastatic 
cancers including HNSCC[11]. The 18F-FDG PET/CT has an 
established role in HNSCC management, including staging 
and monitoring CRT response[12,13]. The Schwartz et al[14] 
study showed that primary tumor SUV was a promising 
prognostic factor in HNSCC patients. 

A better understanding of the association between 
18F-FDG PET/CT and DW-MRI derived quantitative imaging 
metrics is needed in order for them to become the building 
blocks for a biologically-guided adaptive radiotherapy. 
Recently there have been few reports showing correlations 
between these multimodality imaging techniques and 
their initial role in the prognosis of HNSCC patients[15]. 
However, there are limited studies initiated to explore the 
use of these techniques together in a treatment planning 
setting for radiation oncology[16]. Our study is the first 
experience in Spain with multimodality imaging in HPV- 
HNSCC patients for its use in biologically-guided adaptive 
radiotherapy. The purpose of the current study is to non-
invasively investigate tumor cellularity measured using 
DW-MRI and glucose metabolism measured by 18F-FDG-
PET/CT during RT for HPV- HNSCC.

MATERIALS AND METHODS
Patients
This prospective study was conducted in accordance with 

the Declaration of Helsinki[17]. The study protocol was 
approved by the local ethics committee; informed consent 
was obtained from all patients. All patients eligible for this 
study had biopsy-proven newly diagnosed squamous cell 
carcinoma of the head and neck. Diagnostic biopsies were 
also performed to evaluate HPV status. Six HPV- HNSCC 
patients underwent a total of 34 multimodality imaging 
examinations [DW-MRI at 1.5 T Philips MRI scanner (n = 
24) pre-, during (2-3 wk) and post-Tx, and 18F-FDG PET/
CT pre- and post-Tx (n = 10)] (Figure 1). All the patients 
were treated with intensity-modulated radiation therapy 
(IMRT), and the prescribed doses varied between 66 Gy 
and 70 Gy to the local planning target volume (PTV). 
Patient characteristics are given in Table 1. 

All the patients had a clinical follow-up as the standard 
of care and survival status was documented into groups 
at 1 year. The four groups for patients were as follows: 
No evidence of disease (NED), alive with disease (AWD), 
dead of disease (DOD), and dead of other causes (DOC). 
Additionally, local-regional and distant metastases sta-
tuses were noted for all patients[18].

DWI-MRI
All MRI examinations were performed on a 1.5-Tesla 
Achieva scanner (Philips Healthcare, The Netherlands) 
with a Philips Sense Flex coil over the neck. For MRI, all 
patients were in the supine position with an immobilization 
system that was also used during the radiotherapy treat-
ment delivery. A thermoplastic mask, head support, and 
flat table were used to minimize distortion and improve 
the registration process between the different imaging 
modalities. The head support and flat table were adapted 
to the MRI/safety requirements. The MRI protocol 
consisted of the standard anatomic MRI scans (T1-/T2-
weighted images) and DW-MRI.

DW-MRI acquisition was performed using single-shot 
echo planar imaging (SS-EPI) with three b values (b = 

Pre-treatment
18F-FDG PET/CT

Simulation
PET/CT/MRI

Pre-treatment
DW-MRI

During-treatment
DW-MRI

Week 0

Week of radiotherapy treatment

IMRT
Radiation therapy treatment 

(66-70 Gy)

During-treatment
DW-MRI Post-treatment

DW-MRI

Follow-up

Post-treatment
18F-FDG PET/CT

Week 1 Week 3 Week 4 Week 5

Figure 1  Workflow representing the study design performed in all the patients. 18F-FDG: Fluorine-18 Fludeoxyglucose; PET/CT: Positron emission tomography/
computed tomography; DW-MRI: Diffusion-weighted magnetic resonance imaging.
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0, 600 and 1000 s/mm2). Other parameters included 
repetition time (TR) = 5000 ms, echo time (TE) = 
77-100 ms, number of excitations (NEX) = 2, field of 
view (FOV): 24 cm, and slice thickness = 6 mm. The 
total acquisition time for obtaining the DW-MRI data was 
approximately 5 min. The acquisition matrix of 120 × 97 
was zero filled to 256 × 256 during image reconstruction.

18F-FDG PET/CT 
A whole-body PET/CT scan was performed from head 
to thigh, 60 min after intravenous administration of 
approximately 370 MBq (± 10%) of 18F-FDG on a PET/CT 
Discovery scanner (GE Healthcare Bio-Sciences Corp.). 
The patient was placed in the supine position, with the 
same immobilization system as in the radiotherapy 
treatment delivery. Other parameters included a 70 cm 
axial FOV, a 218 × 218 matrix. Data was acquired in a 
3-D mode. The pixel spacing was 5.47 mm with a slice 
thickness of 3.27 mm. The spatial resolution varied from 
3.99 mm to 4.56 mm. PET images were corrected using 
the specific software of the equipment for attenuation, 
scatter, decay, dead time, random coincidences, and slice 
sensitivity.

Image analysis
All images were registered and analyzed using in-
house software (Artfibio-tool)[19]. The registration for 
DW-MRI and 18F-FDG PET/CT datasets was a two-step 
process: (1) Manual registration: performing a manual 
alignment (translation and/or rotation) of the images 
(DWMRI, CT-Scan, PET-CT) interactively on-screen; and 
(2) Automatic Rigid Registration: Once the images were 
approximately aligned, a more precise alignment (full 
rigid transformation) was performed based on an iterative 
process evaluated by statistical metrics (Viola and Wells 
mutual information[20]). Using Artfibio-tool, the signal 
intensity values were extracted from the whole tumor 
volumes[19].

DW-MRI: According to Stejskal and Tanner’s[21] and 
considering the monoexponential approximation (7), 
the ADC value was calculated using equation 1: 

ADC = [loge(s0/s1)]/(b1-b0).                                      (1)
Where S1 and S0 are signal values of the images at b 

values, b1 and b0, respectively, and ADC is the apparent 
diffusion coefficient. 

Regions of Interest (ROIs) were delineated on the 
primary tumor and neck nodal metastases by an ex-
perienced neuroradiologist on the DW-MRI image 
(b  =  0 s/mm2). Before contouring the ROIs, the T1-T2-
weighted images were used to determine localization 
and tumor extent.

Finally, a relative percentage (%) change in derived 
imaging metric (ADC) between pre- and ith intra-Tx 
week (Wk) was calculated as follows: 

ΔADC (%) = [(ADCi-ADC0)/ADC0] × 100.              (2)
Where ith represents intra-TX week for ADC metric 

value and ADC0 represents the pre-Tx metric value.

18F-FDG PET/CT: An experienced radiation oncologist 
matched the ROIs from the MR images with those of 
the PET/CT images and analyzed them qualitatively 
and quantitatively using the attenuation-corrected PET 
emission images. The ROIs were placed over the areas of 
focal 18F-FDG uptake in both the primary tumor and neck 
nodal metastases. The intensity of the 18F-FDG uptake in 
the ROIs was measured using the SUV normalized by the 
dilution volume[22]. The imaging data available in units of 
mCi per mL (mCi/mL) per voxel were decay-corrected to 
the time of injection and converted to SUV units.

Statistical analysis
In the present study, data was analyzed from a total of 
34 multimodality imaging studies [DW-MRI (n = 24) 
pre-, during- (2-3 wk) and post-Tx and 18F-FDG PET/
CT pre- and post-Tx (n = 10)] to capture treatment 
response. Values were presented as mean ± SD. 
The mean value comparison was carried out using 
the Wilcoxon test. A Spearman correlation analysis 
was performed between SUV and ADC metric values, 
which we used to report the correlation and P-values. 
These correlations were reported using the standard 
guidelines[23] in which an absolute correlation of < 0.3 
was considered weak, 0.3-0.5 was considered moderate 
and 0.5-1.0 was considered strong. The significance level 
was set at P ≤ 0.05. All data analysis was performed 
using the R software/environment, an open source 
project that is distributed under the GNU General Public 
License[24].

RESULTS
All 6 patients were untreated at the first time point of 
multimodality imaging, had biopsy-proven SCC, and 
were HPV-. Among the 6 patients, a total of 11 neck 
nodal metastases and 5 primary tumors were analyzed 
(3 patients had more than one node and 1 patient had 
an unknown primary tumor site). Patients were grouped 
as follows based on clinical outcome: NED = 1, AWD = 
3, and DOD = 2 (Table 1). A total of 34 multimodality 
imaging studies [DW-MRI (n = 24) and 18F-FDG PET/

Table 1  Characteristics of the patients involved in this study

Characteristics Value 

Demographics 
  Mean age (yr) 65
  Age range (yr) 52-79
  Male/female 5/1
Location of primary tumor 
  Oropharynx 6
Metastatic loco-regional nodes 11
Radiation therapy technique IMRT
  Dose (Gy) 66-70
  Fractions 32
Outcome 
  Alive with disease 3
  Dead of disease 2
  No evidence of disease 1
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CT (n = 10)] were analyzed to capture RT response. 
The results showed a significantly strong negative 
correlation (ρ = -0.67, P = 0.01) between the pre-Tx 
mean SUV and the pre-Tx mean ADC for the 11 lymph 
nodes and 5 primary tumors (Figure 2).

A summary of the ADC mean for pre-Tx and during-
Tx (2nd and 3rd weeks data were combined) from the 
three different survival groups as DOD, AWD and NED 
is shown in Table 2. For a single patient who was NED at 
the last clinical follow-up, the MRI and the 18F-FDG PET/
CT post-treatment showed no evidence of disease at the 
primary tumor site and neck nodal metastases. Figure 3 
shows the DW-MRI and 18F-FDG PET/CT images from a 
patient who was NED. The ADC values (mean ± SD) for 
the ROI drawn on the primary tumor were 0.85 ± 0.27 
× 10-3 mm2/s, 1.49 ± 0.13 × 10-3 mm2/s for pre-Tx and 
Wk2-3 Tx, respectively. The ADC values for the ROIs in 
neck nodal metastases were as follows 0.86 ± 0.20 × 
10-3 mm2/s, 1.39 ± 0.08 × 10-3 mm2/s for pre-Tx and 
Wk2-3 Tx (Table 2). Pre-Tx SUV (mean ± SD) values for 
primary tumor and neck nodal metastases were 5.99 ± 
0.61 and 6.06 ± 0.49, respectively.

Three patients were AWD on the last clinical follow-
up, and 1 patient had an unknown primary tumor site. 
Both, MRI and 18F-FDG PET/CT post-treatment showed 
no evidence of disease at the primary tumor site; 
however the neck nodal metastases were still present. 

Figure 4 shows the DW-MRI and 18F-FDG PET/CT 
images from a patient who was AWD. The ADC values 
(mean ± SD) for the primary tumors were 1.66 ± 0.41 
× 10-3 mm2/s, 2.12 ± 0.38 × 10-3 mm2/s for pre-Tx 
and Wk2-3 Tx, respectively. The ADC values for the neck 
nodal metastases were 1.26 ± 0.19 × 10-3 mm2/s, 1.41 
± 0.38 × 10-3 mm2/s, and 1.93 ± 0.22 × 10-3 mm2/s 
for pre-Tx, Wk2-3 Tx and post-Tx, respectively (Table 2). 
The SUV mean pre-Tx values for the primary tumor and 
neck nodal metastases were 1.84 ± 0.83 and 4.85 ± 
0.75, respectively.

The two patients who were DOD died 2 mo and 6 
mo post-Tx. Figure 5 shows the DW-MRI and 18F-FDG 
PET/CT images from a patient who was DOD. The ADC 
values (mean ± SD) for the primary tumor were 1.51 
± 0.36 × 10-3 mm2/s and 1.92 ± 0.33 × 10-3 mm2/s 
for pre-Tx and Wk2-3 Tx, respectively. The ADC values 
for the neck nodal metastases were 1.43 ± 0.58 × 
10-3 mm2/s, 1.54 ± 0.11 × 10-3 mm2/s, and 0.98 ± 
0.29 × 10-3 mm2/s for pre-Tx, Wk2-3 Tx and post-Tx, 
respectively (Table 2). The SUV mean pre-Tx values for 
the primary tumor and neck nodal metastases were 2.98 
± 0.66 and 3.93 ± 0.45, respectively.

The ΔADC (%) between pre- and Wk2-3 Tx for 
primary tumors and neck nodal metastases were as 
follows: 75.4% and 61.6%, respectively, for the patient 
with NED, 27.5% and 32.7%, respectively, for those 
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0.0                                  0.5                                  1.0                                  1.5                                  2.0
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Figure 2  Relationship between pre-Tx mean standardized uptake value and pre-Tx mean apparent diffusion coefficient showing a significant strong 
negative inverse correlation. SUV: Standardized uptake value; ADC: Apparent diffusion coefficient.

Table 2  Apparent diffusion coefficient metric values for human papillomavirus negative head and neck squamous cell carcinoma 
patients who were classified based on survival as dead of disease, alive with disease and no evidence of disease before, during and 
post- radiotherapy

MRI DOD ADC mean (× 10-3 mm2/s) AWD ADC mean (× 10-3 mm2/s) NED ADC mean (× 10-3 mm2/s) 

Primary Node Primary Node Primary Node 

Pre-Tx 1.51 ± 0.36 1.43 ± 0.58 1.66 ± 0.41 1.26 ± 0.19 0.85 ± 0.27 0.86 ± 0.20 
During Tx (2-3 wk) 1.92 ± 0.33 1.54 ± 0.11 2.12 ± 0.38 1.41 ± 0.38 1.49 ± 0.13 1.39 ± 0.08 
Post-Tx No primary 0.98 ± 0.29 No primary 1.93 ± 0.22 No primary No node 

MRI: Magnetic resonance imaging; ADC: Apparent diffusion coefficient; AWD: Alive with disease; DOC: Dead of other causes; DOD: Dead of disease; 
NED: No evidence of disease.
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patients who were AWD, and 26.9% and 7.31%, 
respectively, for those who were DOD.

DISCUSSION
This prospective study is the first in Spain conducted 
in support of integrating functional imaging in a RT 
setting. We evaluated multimodality imaging in HPV- 
HNSCC patients for both primary and neck nodal 
metastases. Specifically, we observed that pretreatment 
tumor cellularity is inversely proportional to glucose 
metabolism in these tumors, which was consistent with 
the previous literature[15,25,26]. The survival status and 

functional metrics show different % change in ΔADC for 
the NED, AWD, and DOD survival groups, which would 
need to be validated in larger patient population studies.

HNSCC is one of the major types of cancer that can 
be linked to alcohol consumption and tobacco smoking. 
It typically originates from the mucosal epithelia of the 
oral cavity, pharynx and larynx[27]. In oropharyngeal 
SCC, HPV status is an independent prognostic factor 
for both overall survival and progression-free survival, 
which is consistent with the hypothesis that HPV+ and 
HPV- tumors are distinct and have different causes, 
risk-factor profiles, and survival outcomes[28]. HPV- 
tumors continue to have poor outcomes compared to 

Figure 3  Representative no evidence of disease patient. A and G: Pre-Tx PET/CT of the primary tumor and a neck nodal metastasis; B and H: Primary tumor and 
representative neck nodal metastasis contoured over a T2-W MRI; C and I: Pre-Tx ADC map overlaid on T2-W MRI; D and J: Wk2-Tx ADC map overlaid on T2-W; E 
and K: Wk3-Tx ADC map overlaid on T2-W; F and L: T2-W MRI post-Tx with no evidence of primary tumor and neck nodal metastases. PET/CT: Positron emission 
tomography/computed tomography; MRI: Magnetic resonance imaging; ADC: Apparent diffusion coefficient; IMRT: Intensity modulated radiation therapy.

Figure 4  Representative alive with disease patient. A and G: pre-Tx PET/CT of the primary tumor and two neck nodal metastases; B and H: Primary tumor and 
representative neck nodal metastasis contoured over a T2-W MRI; C and I: Pre-Tx ADC map overlaid on T2-W MRI; D and J: Wk2-Tx ADC map overlaid on T2-W; 
E and K: Wk3-Tx ADC map overlaid on T2-W; F and L: T2-W MRI post-Tx with no evidence of primary tumor but with presence of neck nodal metastasis. PET/CT: 
Positron emission tomography/computed tomography; MRI: Magnetic resonance imaging; ADC: Apparent diffusion coefficient; IMRT: Intensity modulated radiation 
therapy.
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their HPV+ counterparts[28]. Future clinical trials should 
be designed specifically for patients with HPV+ or 
HPV- HNSCC using appropriate, validated quantitative 
imaging biomarkers. As there is very scarce imaging 
literature on HPV+ or HPV- alone, it raises an urgent 
need to study these cohorts independently and assess 
the value of multimodality imaging for better cancer 
patient management. 

In recent years, studies by Razek have shown that 
ADC metric has a prognostic value in HNSCC[29-31]. They 
reported a mean ADC value in nasopharyngeal carcinoma 
(NPC) of 0.99 ± 0.11 × 10-3 mm2/s. The ADC value in this 
study also correlated inversely with tumor volume[29]. In 
a separate study by the same group, it was reported that 
the mean ADC value of residual or recurrent lesions (1.17 
± 0.33 × 10-3 mm2/s) was less than that observed in post-
therapeutic changes (2.07 ± 0.25 × 10-3 mm2/s)[30]. They 
also showed that ADC values with metabolic ratio (Ch/Cr) 
obtained from 1H-MRS are well correlated with several 
prognostic parameters of HNSCC[31]. 

The use of multimodality imaging (18F-FDG PET/CT, 
DW-MRI, DCE-MRI) in general HNSCC populations for 
assessing both the association between the quantitative 
imaging biomarkers obtained from each imaging 
technique and their combined or respective roles in 
prognosis and/or prediction of outcome[8,25,32,33]. The 
major technical challenges in IMRT persist in the use of 
functional images for treatment, one of which includes 
the identification of a reproducible, RT-compatible patient 
positioning setup that is consistent between functional 
techniques and RT. All patients in the present study 
were in a supine position and fixed in place with the 
same immobilization system that was used during the 
RT treatment planning and delivery. A thermoplastic 
mask, head support, and flat table were used to try 

to minimize distortion and to improve the registration 
process between the different imaging modalities. The 
head support and flat table were adapted to MRI and 
PET/CT. This reproducible positioning addressed one of 
the big hurdles in the acquisition of multimodality images 
that may be used for adaptive RT in the future[34,35].  Dirix 
et al[36] designed a feasibility, prospective, multimodality 
imaging study with this prerequisite in mind, recruiting 
HNSCC patients for dose painting in RT. A pilot study 
by Subesinghe et al[37] emphasized the importance 
of reproducing the positioning for assessing early RT 
treatment response.

18F-FDG PET/CT and DW-MRI have been the focus 
of numerous studies in general HNSCC cohorts to deter-
mine correlation, if any, between SUV and ADC values, 
with variable results. SUV and ADC remain exploratory 
imaging metrics yet to be fully explored and understood 
in HPV-HNSCC patients. A study by Varoquax et al[38] 
involving 24 primary and 10 recurrent HNSCC showed 
no significant correlation between SUV values (SUVmax, 
SUVmean or SUVmin) and ADC values (ADCmax, ADCmean or 
ADCmin), nor did Choi et al[39] find significant correlation 
between SUVmean and ADCmean in 47 primary HNSCC. 
Rather, Nakajo et al[15] found significant negative 
correlation between SUVmax and ADCmean in a study of 
28 primary HNSCC tumors and Nakamatsu et al[26] 
demonstrated significant negative correlation in 41 
neck nodal metastases between SUV values (SUVmax, 
SUVmean) and ADC values (ADCmean, ADCmin). In our study, 
similar results were obtained from a total of 11 neck 
nodal metastases and 5 primary HPV- HNSCC showing 
a significant strong negative correlation between the 
ADCmean and SUVmean pre-Tx (ρ = -0.67, P = 0.01). 
Further validation of the correlations with larger patient 
populations is needed, but was beyond the scope of this 

Figure 5  Representative dead of disease patient. A and G: Pre-Tx PET/CT of the primary tumor and three neck nodal metastases; B and H: Primary tumor and 
representative neck nodal metastasis contoured over a T2-W MRI; C and I: Pre-Tx ADC map overlaid on T2-W MRI; D and J: Wk2-Tx ADC map overlaid on T2-W; 
E and K: Wk3-Tx ADC map overlaid on T2-W; F and L: T2-W MRI post-Tx with no evidence of primary tumor but with presence of neck nodal metastasis. PET/CT: 
Positron emission tomography/computed tomography; MRI: Magnetic resonance imaging; ADC: Apparent diffusion coefficient; IMRT: Intensity modulated radiation 
therapy.
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study. Preda et al[40] concluded in a study with 57 HNSCC 
primary tumors that “the combination of SUVmax and 
ADCmin improves the prognostic role of the two separate 
parameters”. 

The present study showed an increase in ΔADC Wk2-3 
for the HPV- patient with NED in comparison with the DOD 
and AWD HPV- patients in both primary tumor and neck 
nodal metastases, in agreement with above-mentioned 
studies. Also, the pre-Tx ADC values of the primary tumor 
and neck nodal metastases for NED is lower than in the 
group of AWD and DOD, showing that lower pre-Tx ADC 
values are related to a good response to treatment and 
are consistent with the previous literature[9,41]. 

The % change in ΔADC for primary tumor and neck 
nodal metastases depict the different Tx responses, 
suggesting the possibility of identifying HPV- patients with 
poor prognosis at an early stage to individualize and adapt 
RT treatment (i.e., through dose-escalation). Vandecaveye 
et al[42] showed in neck nodal metastases and primary 
tumors that ΔADC (Week 2 and Week 4 during CRT) was 
significantly lower (P < 0.0001) in lesions with recurrence 
than in lesions with a complete response.

Individualization of treatment is especially important 
in the subgroup of HPV- patients who were part of 
this study. A limitation of the study was that there 
were a relatively small number of HPV- patients as the 
recruitment was highly selective in Spain. However, we 
felt that this selectivity was justified given that these 
subtypes of HPV- patients are the ones who have poor 
prognoses in HNSCC[28]. The initial results need to be 
addressed through validation in future studies.

Our study offers insight on how to manage and 
understand valuable quantitative imaging biomarkers, 
such as SUV and ADC for HPV- HNSCC, with the objective 
of integrating them into the development of biological 
adaptive RT in the future. 

These results are preliminary in nature and are 
indicative, and not definitive, trends rendered by the 
imaging metrics due to the small sample size of HPV- 
HNSCC patients in a Meixoeiro Hospital of Vigo Experience.
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