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Abstract
AIM: To evaluate the sources of variation influencing 
the microvascularization parameters measured by dy-
namic contrast-enhanced ultrasonography (DCE-US).

METHODS: Firstly, we evaluated, in vitro , the impact 
of the manual repositioning of the ultrasound probe 
and the variations in flow rates. Experiments were con-
ducted using a custom-made phantom setup simulating 
a tumor and its associated arterial input. Secondly, we 
evaluated, in vivo , the impact of multiple contrast agent 
injections and of examination day, as well as the influ-
ence of the size of region of interest (ROI) associated 
with the arterial input function (AIF). Experiments were 

conducted on xenografted B16F10 female nude mice. 
For all of the experiments, an ultrasound scanner along 
with a linear transducer was used to perform pulse in-
version imaging based on linear raw data throughout 
the experiments. Semi-quantitative and quantitative 
analyses were performed using two signal-processing 
methods.

RESULTS: In vitro , no microvascularization parameters, 
whether semi-quantitative or quantitative, were signifi-
cantly correlated (P  values from 0.059 to 0.860) with 
the repositioning of the probe. In addition, all semi-
quantitative microvascularization parameters were cor-
related with the flow variation while only one quantita-
tive parameter, the tumor blood flow, exhibited P  value 
lower than 0.05 (P  = 0.004). In vivo , multiple contrast 
agent injections had no significant impact (P  values 
from 0.060 to 0.885) on microvascularization param-
eters. In addition, it was demonstrated that semi-quan-
titative microvascularization parameters were correlated 
with the tumor growth while among the quantitative 
parameters, only the tissue blood flow exhibited P  value 
lower than 0.05 (P  = 0.015). Based on these results, it 
was demonstrated that the ROI size of the AIF had sig-
nificant influence on microvascularization parameters: 
in the context of larger arterial ROI (from 1.17 ± 0.6 
mm3 to 3.65 ± 0.3 mm3), tumor blood flow and tumor 
blood volume were correlated with the tumor growth, 
exhibiting P  values lower than 0.001. 

CONCLUSION: AIF selection is an essential aspect of 
the deconvolution process to validate the quantitative 
DCE-US method. 

© 2012 Baishideng. All rights reserved.

Key words: Dynamic contrast-enhanced ultrasonography; 
Angiogenesis; Linear raw data; Arterial input function; 
Functional imaging
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INTRODUCTION
Tumor angiogenesis is a process characterized by the de-
velopment of  new blood vessels supplying tumors with 
nutrients and oxygen[1,2]. This process is an essential step 
for tumor growth as well as the initiation of  metastasis. 
In this context, research is currently focused on develop-
ing anti-angiogenic treatments resulting in the destruction 
of  neoblood vessels, which often occurs initially without 
any morphological changes[3-5].

Since February 2000, Response Evaluation Criteria 
in Solid Tumors has been used by the entire cancer clini-
cal research community as an essential tool in evaluating 
responses to anti-tumor treatments[6]. As this involves 
analyzing morphological information[7], it is commonly 
recognized that these criteria are no longer optimal in the 
early assessment of  anti-angiogenic therapies, which pri-
marily target microvasculature. Consequently, functional 
imaging is recognized as the best modality for evaluating 
such treatments. 

However, the current microvascularization parameters 
on which therapy evaluations are based do not properly 
correlate with the vascular physiology, which might in-
terfere with the final interpretation. Such parameters are 
defined as semi-quantitative since they only provide a 
relative access to the physiological parameters through 
the current ultrasound imaging mode. These limits may 
be overcome by working with the arterial input function 
(AIF), which takes into account physiological variations 
such as the cardiac flow rate, the arterial blood pressure, 
the vascular structure, and the way the contrast agent is 
injected[8]. This is done through a deconvolution process 
which allows access to quantitatively-defined microvas-
cularization parameters, since it provides absolute evalu-
ation of  microvasculature parameters. Deconvolution 
has been already performed using other imaging modali-
ties[9-11]. Previous studies have been performed to develop 
a deconvolution technique based on Tikhonov regulariza-
tion[12,13]: preliminary results demonstrated a diminution 
in microvascularization parameter coefficients of  varia-
tion from 30% to 13%, respectively measured without 
and with the deconvolution process. 

Considering these results, the aim of  this study was to 
determine and analyze sources of  variation that impact 

microvascularization parameters measured using dynamic 
contrast-enhanced ultrasonography (DCE-US) combined 
with a deconvolution process, both in vitro and in vivo, 
following bolus injections of  SonoVue® (Bracco, Milan, 
Italy).

MATERIALS AND METHODS
Contrast agent
DCE-US data were acquired following bolus injections 
of  SonoVue®, a second generation echo contrast agent 
made of  microbubbles filled with sulphur hexafluoride 
(SF6) and stabilized by a shell of  amphiphilic phospho-
lipids[14,15]. The diameter of  the microbubbles, ranging 
from 1 to 10 µm[15], allowed a purely intravascular circu-
lation through the whole blood volume, which made it 
ideal for the evaluation of  microvascularization[15]. SF6 is 
an innocuous, stable and inert gas that does not interact 
with any other molecules found in the body. In addition, 
SonoVue® is highly resistant to pressure changes and ex-
hibits a non-linear response of  the microbubbles when 
insonated at low acoustic power, thus provides continu-
ous real-time ultrasonographic (US) imaging without any 
bubble destruction[14,16,17]. SonoVue® is available as a kit 
which includes one vial of  SF6, a powder combining 
phospholipids and pharmaceutical grade polyethylenegly-
col, and one syringe pre-filled with 5 mL of  0.9% sodium 
chloride. Before any US exam, reconstruction of  the con-
trast agent was performed by introducing the content of  
the syringe into the vial followed by manual shaking for 
at least 20 s. After a few minutes of  no use, the micro-
bubbles tend to accumulate at the upper surface because 
of  buoyancy. Thus, to inject a homogeneous bolus of  
contrast agent, the vial was manually checked before each 
injection. SonoVue® is stable for 6 h, and all experiments 
were conducted within this limit[14].

Time intensity method
The time-intensity method is based on the dye-dilution 
theory, which provides a mathematical method for 
estimating microvascularization parameters based on 
monitoring the tracer concentration as a function of  
time generating a time intensity curve (TIC). Microvas-
cularization parameters to be analyzed are extracted from 
the TIC[18,19]. To be valid, a series of  assumptions must 
be verified[20]: (1) flow must be constant to ensure the 
amount of  microbubbles injected has no effect on the 
flux; (2) blood and contrast agent must be mixed homo-
geneously; (3) recirculation should not interfere with the 
first pass; and (4) the mixing of  the contrast agent must 
exhibit linearity and stability[21]. In this context, linear-
ity refers to the linear relationship between the injected 
concentration of  contrast agents and the measured US 
signal. This was confirmed for low doses[15] and in the 
context of  bolus injections of  contrast agent[22].

In this study, these conditions were assumed to be 
satisfied, allowing the direct extraction of  the microvas-
cularization parameters from the TIC.
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Ultrasound imaging mode
Images were acquired using a Toshiba Aplio® XG ul-
trasound scanner (Toshiba, Japan) connected to a 7-14 
MHz linear transducer (PLT 1202S probe). (1) B-mode 
and Doppler imaging were performed at 14 MHz; and (2) 
Harmonic imaging was performed at 10 MHz using the 
pulse inversion mode in which two pulses were sent into 
the tissue, the second pulse being an inverted copy of  
the first one. Thus, the associated echoes were detected 
and summed[23]. Linear scattering from the two pulses 
produced echoes that were inverted copies of  each other, 
resulting in a null signal. Linear scattering dominates in 
tissue. Conversely, non-linear scattering of  the two pulses, 
which dominates in microbubbles, produced echoes that 
were no longer inverted, resulting in a non-null signal[24]. 

Data analysis
Semi-quantitative microvascularization parameters (the 
current method): Acquisitions and analyses were based on 
linear raw data (uncompressed data before standard video 
visualization). Such data exhibit the advantage of  a linear 
dynamic range, which is the essential aspect of  TIC analy-
sis[25,26]. Following bolus injections of  SonoVue®, several 
harmonic images were acquired. Image analysis followed 
a protocol described in previous studies[27,28] using dedi-
cated software called CHIQ® (Toshiba). Thus, the current 
method allowed one to graphically extract semi-quantita-
tive microvascularization parameters following the fitting 
of  the tumor TIC based on minimizing the differences 
between the parameters of  the raw curve and the coef-
ficients of  the IGR equation (Patent: WO/2008/053268 
entitled “Method and system for quantification of  tu-
moral vascularization”):

I(t) describes the variation in the intensity of  contrast 
uptake as a function of  time. a0 is the intensity before the 
arrival of  the contrast agent. a1 is linked to the maximum 
value of  contrast uptake. a2 is linked to the rise time to 
the peak intensity (PI). p is a coefficient related to the in-
crease in intensity. q is a coefficient related to the decrease 
in intensity. A and B are arbitrary parameters.

Semi-quantitative microvascularization parameters 
have already been described in previous studies[27,28]. 
These are PI, the time to peak intensity (TPI), the area un-
der the curve (AUC), the wash-in (AUWI), the wash-out 
(AUWO) and the full width at half  maximum (FWHM) 
(Figure 1[12]). 

Quantitative microvascularization parameters (the de-
convolution process): Based on the dye-dilution theory, 
the influence of  the arterial input manifests itself  through 
the following fundamental convolution equation:

where Ct(t) is the concentration of  the contrast agent 
measured in the tumor as a function of  time, Ca(t) is the 
AIF, BF is the tissue blood flow (unit: mL/min per 100 g 
of  tissue), r is the tissue density (unit: g/mL) and kH rep-
resents the difference in hematocrit between capillaries and 
arteries: r and kH are commonly approximated by 1[29,30]. 
R(t) is the residue function and is defined as the relative 
amount of  tracer in the region of  interest (ROI) under the 
hypothesis of  an instantaneous unit bolus injection [R(0) 
= 1 ; R(∞) = 0]. The shape of  the R(t) function reflects the 
properties of  both the vasculature and the tissue[31].

In order to derive quantitative parameters from this 
equation, the residue function R(t) can be determined us-
ing a process called deconvolution. The deconvolution 
method developed in our lab and dedicated to the DCE-
US imaging is based on the Tikhonov regularization and 
was previously described by Gauthier et al[12]. 

Three quantitative microvascularization parameters 
are thus graphically extracted from the residue function: 
the BF, the tissue blood volume (BV) and the mean tran-
sit time (MTT) (Figure 2[27]).

In vitro analysis
Three-intertwined pipe phantom: The phantom used 
in the in vitro experiments consisted of  three-intertwined 
silicone pipes simulating a heterogeneous structure akin 
to that of  vessels in tumor and feeding pipes which simu-
lated the arterial input (Figure 3).

The phantom was immersed in a custom-made water 
tank connected to a peristaltic pump (SP vario/ PD 5101, 
Heidolph®, Germany) which provided a water flow rate 
set as required for the experiments. The three silicone 
pipes had an internal diameter of  2 mm with a 1 mm 
thick wall. Both the input and the output of  the phantom 
were composed of  three-way taps (Discofix®, B. Braun, 
Melsungen, Germany) allowing linkage between the three 
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pipes. A new ROI, containing both pipes, feeding pipe 
and water spaces, was drawn for each injection and the 
associated TIC was obtained. 

The total amount of  water in the circuit was set at 
60 mL. The amount of  injected contrast agent was 0.06 
mL. This volume corresponded to the ratio granted by 
French marketing approval (“Autorisation de Mise sur 
le Marché”: AMM) (2.4 mL of  SonoVue® for 5 L of  
blood): this was defined as the AMM ratio. The second 
volume was associated with the ratio routinely used for 
clinical exams (4.8 mL of  SonoVue® for 5 L of  blood). 
In particular, this ratio was used in four studies led by the 
IGR involving 117 patients and 800 DCE-US exams[32,33] 
as well as in a French national project supported by the 
“Institut National du Cancer” (French National Cancer 
Institute)[34]. This ratio was defined as the internal growth 
rate ratio.

US protocol
Bolus injections of  SonoVue® were performed using a  
1 mL syringe (Terumo®, Belgium). To minimize potential 
errors due to SonoVue® residues, all of  the injection ma-
terials were changed before each injection: the circuit was 
entirely emptied, rinsed and reset with water. Thus no 
contrast agent residues were present in the circuit, allow-
ing the initial conditions to be exactly the same through-
out all of  the experiments[27].

Before the series of  acquisitions, a Doppler image 
was acquired to help the operator image the same setup 
through all the experiments.

Acquisitions were performed at a low mechanical in-
dex (MI = 0.21) and at a rate of  5 frames per second (fps). 
Two ROIs were selected to be analyzed (Figure 4[12]): the 
first one was associated with the three-intertwined pipe 

phantom while the second was associated with its feed-
ing pipe. Deconvolution was performed between the two 
TICs extracted from these ROIs through the CHIQ® 
software. 

Repositioning of the US probe
Experimental protocol:  Sources of  DCE-US variability 
include the repositioning of  the US probe before each 
examination: this has to be the same for each acquisi-
tion of  the therapeutic evaluation process which can last 
several months or years. Indeed, evaluation of  therapy 
is based on analyzing evolution of  microvascularization 
parameters linked to a specific target along the whole 
duration of  the treatment. In this context, the aim of  this 
study was to evaluate the impact of  the repositioning of  
the US probe on microvascularization parameters. The 
experiments consisted of: (1) 10 consecutive contrast 
agent injections with the US probe unchanged; and (2) 10 
consecutive contrast agent injections with the US probe 
manually replaced before each exam.

Variation in flow
Experimental protocol: The absolute evaluation of  the 
microvascularization parameters is not possible through 
the methodology which does not take into account the 
arterial input[8]. Until now, different studies have investi-
gated and used the link between the microvascularization 
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Figure 3  Three-intertwined silicone pipe phantom and its feeding pipe simu-
lating the heterogeneous structure of a tumor and one of its arterial inputs.

Arterial input

Three-intertwined 
pipe phantom

Figure 4  Pulse inversion image of the three-intertwined pipe phantom. The 
figure displays the selection of the region of interests associated with the phan-
tom and its feeding pipe. fps: Frames per second.

Arterial input
Three-intertwined 
pipe phantom

5 fps

h10.0

M10.2

Gauthier M et al . Arterial input function impact in DCE-US evaluation



295 July 28, 2012|Volume 4|Issue 7|WJR|www.wjgnet.com

parameters directly extracted from the tumor TIC and 
the physiological parameters of  interest[35-38].

Thus, the BF is linked to the slope of  the WI and the 
TPI, which are currently the two parameters mentioned 
in the literature. None of  the semi-quantitative microv-
ascularization parameters are specific to the BF. On the 
contrary, as expected by definition, only one quantitative 
microvascularization parameter should be specific to the 
blood flow: it is BF. 

To perform the study, 4 injections per flow rate were 
performed and 3 flow rates were tested: 21.2 mL/min, 
42.4 mL/min and 63.6 mL/min. Variations in flow rates 
were controlled using the peristaltic pump.

In vivo analysis
Animals and tumor model: Animal experiments were 
conducted with five nude female mice aged from six to 
eight weeks with the approval of  the European Conven-
tion for the Protection of  Vertebrate Animals used for 
experimental and other scientific purposes (Strasbourg, 
18.Ⅲ.1986; text amended according to the provisions of  
protocol ETS No. 170 as of  its entry into force on 2nd 
December 2005). The tumor model B16F10 (CRL-6475, 
ATCC, American Type Culture Collection) melanoma cell 
line, a murine skin cancer, was selected to perform the in 
vivo experiments. Tumor cells were prepared and cultured 
in Dulbeco Minimum Essential Medium (Gibco Life 
Technologies, France) combined with 10% fetal bovine 
serum, 1% penicillin/streptomycin and glutamate (Invi-
trogen Life Technologies, Inc., France) to avoid bacterial 
contamination of  the solution. While growing, cells were 
maintained in an incubator at 37 ℃. Tumors were xeno-
grafted onto the right flank (Figure 5[12,27]) of  five mice 
through a subcutaneous injection of  2 × 106 melanoma 
cells in 0.2 mL of  phosphate buffered saline. DCE-US ex-
ams were performed following three 0.1 mL injections of  
SonoVue® according to the methodology used in our lab.

Anesthesia
Mice received chemical anesthesia based upon their weight. 
Product was injected intraperitoneally using the 1 mL 
syringe. The solution consisted of  ketamine (10 mg/mL, 

Ketalar®, Parapharm, France) and xylazine (2%, Rompum®, 
Bayer, France). To ensure the mice remained asleep through-
out the experiment, 150 µL/g per mouse was systematically 
injected.

Acquisition protocol
In vivo images were acquired using the same ultrasound 
machine and probe as the in vitro experiments. Images 
were acquired using a mechanical index set at 0.21 and 
a rate of  5 fps. In addition, preliminary fundamental 
B-mode images were acquired to evaluate the tumor vol-
ume prior to the SonoVue® injection (Figure 6[12]). The 
three perpendicular tumor diameters were determined 
and the tumor volume was derived according to the fol-
lowing formula: 

In the following study, two new ROIs were selected 
for each acquisition. The first ROI included only the tu-
mor while the second ROI was associated with an arterial 
input. We gave preference to the location of  the arterial 
ROI instead of  its size to avoid any delay or dispersion 
effects that can impact the quantitative microvasculariza-
tion parameters[30].  Two TICs were extracted from these 
ROIs. To ensure the complete elimination of  the contrast 
agent between each acquisition, a break of  15 min and 3 
min of  insonation at high MI (MI = 1.04) were observed. 
Mice were kept asleep no more than 2 h[39]. This duration 
included the time required for the mice to obtain a stable 

Figure 5  In vivo experiments were conducted on xenografted B16F10 
female nude mice.

Figure 6  Volume evaluation was performed for each mouse using trans-
versal (A) and longitudinal (B) B-mode images of the tumor.
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heart rate after the administration of  anesthesia, acquisi-
tion time and the time of  the break between each injec-
tion.

Evaluated sources of variation
Multiple injections/day of  examination: The first evalu-
ated factor was the order of  injection. This is a parameter 
of  interest especially in the context of  DCE-US exams 
that sometimes require the re-injection of  the contrast 
agent. This study aimed to confirm that multiple injec-
tions had no significant impact on semi-quantitative and 
quantitative microvascularization parameters.

The second factor included different parameters. It 
was defined as the examination day to ensure no restric-
tion of  its meaning. Because melanoma cell lines exhibit 
a high doubling time of  about 20 h[40-42], the examina-
tion day may be a source of  variation. Thus, to analyze 
this second factor amounts to evaluating whether any 
morphological or functional modification of  the tumor 
significantly interferes with the microvascularization pa-
rameters.

For logistic reasons, a total of  3 mice were evaluated 
over 4 d following a maximum of  4 contrast agent injec-
tions performed during the study (Table 1).

Size of the arterial ROI
Until now, no consensus has existed concerning the ideal 
location to select the AIF. In the literature, the need to 
find a compromise between the size of  the arterial input 
and its location with regards to the tumor is often high-
lighted. Indeed, to avoid any partial volume effects which 
affect the ROI, the AIF must be extracted from an artery 
exhibiting a diameter larger than the intrinsic resolution 
of  the functional imaging technique used[43,44]. On the 
other hand, an AIF measured too far from the tissue of  
interest causes additional delay and dispersion involving 

wrong estimation of  quantitative parameters, in particu-
lar, an underestimation of  the BF and an overestimation 
of  MTT[8,44,45]. 

In the previous in vivo study, the arterial ROI was se-
lected as close to the tumor as possible, whatever its size. 
In the second in vivo study (Table 1), the impact of  the 
examination day on microvascularization parameters, giv-
ing preference in the selection of  the arterial input to its 
size rather than its location, was evaluated. 

Statistical analysis in vitro and in vivo
The aim of  the first in vitro study was to determine 
whether there is an impact on the microvascularization 
parameters while repositioning the US probe during ex-
periments. Statistical analysis was based on comparing the 
variances of  both the series of  10 acquisitions with the 
US probe unchanged and replaced. To do so, a bilateral 
Fisher test was performed. It consisted of  calculating:

where s1 and s2 are the variances of  each of  the series. 
The determined value of  F was compared to the F-value 
with (n1 - 1)(n2 - 1) degrees of  freedom where n1 and n2 are 
the number of  experiments performed in the two series 
of  acquisitions (n1 = n2 = 10). 

Results were significant for a P-value lower than 0.05.
The aim of  the second in vitro study was to determine 

whether there was significant modification of  the micro-
vascularization parameters while the flow rate was modi-
fied. Thus, statistical analysis was based on comparing the 
means of  microvascularization parameters for the three 
series of  acquisitions. To do so, an analysis of  variance 
(ANOVA) was performed between the 3 series of  experi-
mentations. Results were significant for a P-value lower 
than 0.05.

In vivo, statistical analyses were performed using the 
same multivariate ANOVA as the second in vitro study: 
the two parameters included in the process were the or-
der of  injection and the day of  examination. Results were 
significant for P-value lower than 0.05.

RESULTS
In vitro
Repositioning of  the US probe: In vitro, no microvascu-
larization parameters, whether semi-quantitative or quan
titative, were significantly correlated with the reposition-
ing of  the probe. Table 2 provides P-values associated 
with each of  the microvascularization parameters.

Variation of  the flow rate: No semi-quantitative micro-
vascularization parameter was specific to the flow rate: 
none of  the semi-quantitative parameters were correlated 
with the factor of  interest. In addition, among the quan-
titative microvascularization parameter, only BF varied 
significantly with the flow rate: BF exhibited a P-value of  
0.004. All the P-values are summarized in Table 2.

Table 1  Characteristics of the in vivo  experiments

Mouse number Number of days Number of injections

Multiple injections and day of examination
   1 4 3

4
3
4

   2 2 3
2

   3 2 2
4

Influence of the size of the arterial region of interest
   1 3 3

3
2

   2 3 2
3
3

   3 2 4
3

   4 2 4
3

2

1

s
sF =
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In vivo
Multiple injections/day of  examination: Multiple injec-
tions had no significant impact on the microvasculariza-
tion parameters. Indeed, no parameter exhibited P-value 
lower than 0.05. All the P-values are summarized in Table 2.

On the other hand, to perform therapy evaluation, 
it is expected to obtain microvascularization parameters 
varying significantly with the tumor growth: any modifi-
cation in microvascularization would be detected through 
the analysis of  the microvascularization parameters. In 
the study, it was demonstrated that semi-quantitative mi-
crovascularization parameters were correlated with the 
tumor growth while among the quantitative microvascu-
larization parameter, only the BV was.

Size of the arterial ROI
The impact of  the size of  the arterial ROI on microvas-
cularization parameters was evaluated according to the 
same protocol used in the previous in vivo study.  

It was demonstrated that for larger arterial ROIs (from 
1.17 ± 0.6 mm3 to 3.65 ± 0.3 mm3) (Table 3), all quantita-
tive microvascularization parameters were correlated with 
the tumor growth. Table 4 summarizes all of  the P-values 
associated with this study.

DISCUSSION
In vitro, it was demonstrated that semi-quantitative and 
quantitative microvascularization parameters were not 
significantly correlated with the repositioning of  the US 

probe before each acquisition. This is a promising result 
as in the context of  therapy evaluation, the same target 
must be imaged during the entire treatment as evaluation 
is based on analyzing the microvascularization parameter 
evolution of  a specific target through these exams. Re-
sults associated with the variation of  the flow rates study 
were in agreement with the remarks mentioned before 
the experiments: all of  the semi-quantitative microvascu-
larization parameters were correlated with the flow rate 
while among the quantitative microvascularization param-
eters, only BF was specific to the flow rate.

In vivo, the importance of  the size of  the arterial ROI 
was shown through the first study: the arterial ROI must 
be large enough to allow the deconvolution process to be 
relevant in the context of  therapy evaluation. This result 
is consistent with previous studies evaluating the impor-
tance of  the arterial ROI selection[9]. In particular, the 
partial volume effect on the AIF and its consequences on 
analyses have been reported in the literature[46].  Here, the 
first results demonstrated significant correlation between 

Table 2  In vitro  and in vivo experiments: Statistical analyses

In vitro  results In vivo  results

Repositioning of the probe: 
Fisher’s test P  values

Variation of the flow rate: 
ANOVA P values

Multiple injections: 
ANOVA P values

Day of examination: 
ANOVA P values

Semi-quantitative microvascularization parameters
   PI 0.077                   < 0.001 0.080                  < 0.001
   TPI 0.302 0.004 0.595 0.641
   Slope of the WI 0.059 0.006 0.141                  < 0.001
   MTT 0.562                   < 0.001 0.885 0.016
   AUC 0.731                   < 0.001 0.073 0.01
   AUWI 0.276 0.024 0.060 0.001
   AUWO 0.860 0.006 0.078 0.016
Quantitative microvascularization parameters
   BF 0.055 0.004 0.071 0.116
   BV 0.063 0.053 0.429 0.015
   MTT 0.131 0.649 0.126 0.645

ANOVA: Analysis of variance; PI: Peak intensity; TPI: Time to peak intensity; WI: The wash-in; MTT: The mean transit time; AUC: The area under the curve; 
AUWI: The area under the wash-in; AUWO: The area under the wash-out; BF: The tissue blood flow; BV: The tissue blood volume.  

Table 3  Areas of the arterial region of interests associated 
with the two in vivo  studies described in the article

Mean (mm2) SD Min Max

First in vivo study 1.17 0.6 0.4 2.3
Second in vivo study 3.65 0.3 3.5 4.1

SD: Standard deviation.

Table 4  Influence of the size of the arterial region of interest 
(in vivo  experiments: Statistical analyses)

Day of examination : P -ANOVA values

Semi-quantitative microvascularization parameters
   PI 0.027
   TPI 0.010
   Slope of the WI 0.070
   MTT                               < 0.001
   AUC 0.808
   AUWI 0.562
   AUWO 0.832
Quantitative microvascularization parameters
   BF                               < 0.001
   BV                               < 0.001
   MTT 0.033

ANOVA: Analysis of variance; PI: Peak intensity; TPI: Time to peak inten-
sity; MTT: The mean transit time; AUC: The area under the curve; AUWI: 
The area under the wash-in; AUWO: The area under the wash-out; BF: The 
tissue blood flow; BV: The tissue blood volume.  
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semi-quantitative and quantitative microvascularization 
parameters except for TPI, BF and MTT. In the context 
of  experiments performed on mice, the TPI and MTT 
were extremely short (in the order of  a few seconds). 
Consequently, such low values make it difficult to distin-
guish modification in times linked to modification in mi-
crovascularization because of  high statistical fluctuations. 
Previous studies showed the existing link between semi-
quantitative microvascularization parameters and micro-
vascularization quantitative ones. In particular, Lassen  
et al[47] pointed out that the BF was related to the time to 
peak parameter. Thus, the same explanation may justify 
the absence of  significance concerning this parameter. 
Further investigations have been performed to better 
interpret these first results. Coefficients of  variation as-
sociated with the semi-quantitative microvascularization 
parameters extracted from the arterial ROI were evalu-
ated (Figure 7). This evaluation provided a mean CV 
value of  0.63% ± 0.28% which is high compared to pre-
vious intra-operator findings (< 30%)[27,48-53]. Such a result 
may be due to the very small arterial ROI prone to partial 
volume effects which induce noise in the deconvolution 
process, leading to the loss of  correlation between quan-
titative microvascularization parameters and the tumor 
growth. Finally, the last experiments performed in vivo 
demonstrated significant correlation between quantita-
tive microvascularization parameters and tumor growth 
for larger arterial ROIs. Identical results were obtained 
in the case of  the semi-quantitative microvascularization 
parameters except for the areas where P > 0.05. One 
explanation may involve the high inter-subject variability 
noticed in the study. Thus, this high variability implies 
fluctuations in semi-quantitative microvascularization 
mean values that hide modifications in BV. On the other 
hand, as deconvolution allows freeing oneself  from inter-

subject variability, results associated with the quantitative 
microvascularization parameters were significant.

Study limitations
In vitro, both the fluid and the pipes used did not exhibit 
the same ultrasound properties as blood and vessels, 
respectively[54-56]. In vivo, quantification may have been 
difficult to perform because of  the mouse’s respiratory 
and cardiac movements which lead to instability in ROI 
locations. Another limitation involved the stability of  the 
ultrasound contrast agent. Indeed, even if  each experi-
ment duration was less than 2 h on account of  the stabil-
ity of  SonoVue® (6 h after its reconstitution as described 
by Schneider[14]), recent studies have reported a significant 
incidence of  spontaneous gas diffusion phenomena on 
temporal evolution of  contrast microbubble size[57-59]. This 
study did not take into account gas diffusion phenomena 
occurring for 2 h from initial formation of  contrast agent. 
This assumption might have impacted the final results. 

Further studies
The last in vivo study presented in the article was a pre-
liminary study investigating the best selection of  the arte-
rial input. Further analysis must be performed to improve 
such a difficult selection. Indeed, Calamante et al[60] have 
demonstrated that an arterial ROI not selected directly at 
the entrance of  the tumor may lead to an underestima-
tion of  the BF and an overestimation of  the MTT. Such 
wrong estimations were due to the delay and dispersion 
occurring between the site of  injection and the arterial 
ROI. On the other hand, it may sometimes be difficult 
to access an arterial ROI large enough and in the close 
vicinity of  the tumor leading to partial volume effect 
influencing the results[16]. Thus, a trade-off  between size 
and location of  the arterial ROI must be determined. 
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Figure 7  Display of the coefficients of variation, expressed as %, associated with the semi-quantitative microvascularization parameters extracted from 
the arterial region of interest. CV: Coefficient of variation; AUC: The area under the curve; WI: The wash-in; AUWI: The area under the wash-in; AUWO: The area 
under the wash-out; PI: Peak intensity; TPI: Time to peak intensity; FWHM: The full width at half maximum.
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Additional corrections to the deconvolution process may 
be required, as mentioned by van Osch et al[61], to ensure 
microvascularization parameters are accurately evaluated. 
Modeling of  the AIF might also be necessary for the 
deconvolution process to be applicable in all cases [62]. Fi-
nally, a proof  of  concept may be interesting in evaluating 
the robustness of  the deconvolution method in a clinical 
context: additional studies may be performed to definitely 
validate the deconvolution process.

Advantage of the quantitative evaluation
As already mentioned, the current DCE-US method does 
not take into account the arterial input, which greatly 
depends on patient physiological conditions as well as on 
which contrast agent is injected. Parameters determined 
according to the method are graphically extracted from 
the tumor TIC and if  studies demonstrated correlation 
between some of  them and the physiological parameters, 
absolute quantification is not possible through that meth-
od. On the other hand, the deconvolution process allows 
absolute quantification providing clinically meaningful 
microvascularization parameters.

In addition, results presented in the article support 
the possible use of  the deconvolution method in a similar 
context to the current DCE-US, as the last in vivo study 
exhibited identical results whatever the quantification 
process applied.

In the study, sources of  variation that impact the mi-
crovascularization parameters measured using DCE-US 
were evaluated, both taking and not taking into account 
the arterial input.

Throughout all of  the experiments, two main con-
clusions can be drawn. First of  all, it is necessary to pay 
attention to the selection of  the arterial ROI as a small 
ROI may be at the origin of  noise in the deconvolution 
method leading to its impossible use as a quantification 
tool. Finally, when the arterial ROI is large enough, de-
convolution exhibits similar results as the current DCE-
US. Such results suggest that the deconvolution method 
may be useful in a similar context with the advantage of  
providing absolute quantification of  the microvasculari-
zation.
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Abstract
AIM: To evaluate the role of diffusion-weighted imag-
ing (DWI) in the detection of focal liver lesions (FLLs), 
using a conventional magnetic resonance imaging (MRI) 
protocol.

METHODS: Fifty-two patients (22 males, average age 
55.6 years, range: 25-82 years), studied using a 1.5 
Tesla magnetic resonance scanner, were retrospectively 
analyzed; detection of FLLs was evaluated by consider-
ing the number of lesions observed with the following 
sequences: (1) respiratory-triggered diffusion-weighted 
single-shot echo-planar (DW SS-EP) sequences; (2) 
fat-suppressed fast spin-echo (fs-FSE) T2 weighted 
sequences; (3) steady-state free precession (SSFP) im-
ages; and (4) dynamic triphasic gadolinium-enhanced 

images, acquired with three-dimensional fast spoiled 
gradient-echo (3D FSPGR). Two radiologists indepen-
dently reviewed the images: they were blinded to 
their respective reports. DW SS-EP sequences were 
compared to fs-FSE, SSFP and dynamic gadolinium-en-
hanced acquisitions using a t -test. Pairs were compared 
for the detection of: (1) all FLLs; (2) benign FLLs; (3) 
malignant FLLs; (4) metastases; and (5) hepatocellular 
carcinoma (HCC).

RESULTS: Interobserver agreement was very good 
(weighted k = 0.926, CI = 0.880-0.971); on the con-
sensus reading, 277 FLLs were detected. In the com-
parison with fs-FSE, DW SS-EP sequences had a signifi-
cantly higher score in the detection of all FLLs, benign 
FLLs, malignant FLLs and metastases; no statistical 
difference was observed in the detection of hepatocel-
lular carcinoma (HCCs). In the comparison with SSFP 
sequences, DW SS-EP had significantly higher scores (P 
< 0.05) in the detection of all lesions, benign lesions, 
malignant lesions, metastases and HCC. All FLLs were 
better detected by dynamic 3D FSGR enhanced acquisi-
tion, with P  = 0.0023 for reader 1 and P  = 0.0086 for 
reader 2 in the comparison with DW SS-EP sequences; 
with reference to benign FLLs, DW SS-EP showed lower 
values than 3D FSPGR enhanced acquisition (P  < 0.05). 
No statistical differences were observed in the detection 
of malignant lesions and metastases; considering HCCs, 
a very slight difference was reported by reader 1 (P  = 
0.049), whereas no difference was found by reader 2 (P 
= 0.06).

CONCLUSION: In lesion detection, DWI had higher 
scores than T2 sequences; considering malignant FLLs, 
no statistical difference was observed between DWI 
and dynamic gadolinium images.

© 2012 Baishideng. All rights reserved.

Key words: Diffusion weighted magnetic resonance imag-
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INTRODUCTION
In the past twenty years, several magnetic resonance im-
aging (MRI) diagnostic techniques have gradually been 
introduced in the study of  focal liver lesions (FLLs), 
increasing to the greatest possible extent the high con-
trast resolution inherent in the method. For instance, 
long echo-time T2 weighted sequences are widely used 
to characterize fluid-filled cystic lesions or hemangiomas; 
fat-containing lesions (adenomas, atypical focal nodular 
hyperplasia) can be diagnosed in cases of  signal decay 
in out-of-phase T1-weighted spoiled gradient echo se-
quences[1]. More recently a gradual introduction of  new 
hepato-specific agents - gadolinium-ethoxybenzyl-diethy-
lenetriamine pentaacetic acid (Gd-EOB-DTPA, Primov-
ist, Bayer Schering) and gadopentate dimeglumine (Gd-
BOPTA, Multihance, Bracco Imaging) has significantly 
increased the diagnostic potential of  MRI, especially in 
the preoperative management of  patients with liver me-
tastases[2,3]. In addition, three-dimensional gradient echo 
imaging allows a dynamic study of  the liver, evaluating 
the behavior of  FLLs in the arterial and portal phase af-
ter contrast administration[4]. In view of  these ����������considera-
tions, non-invasive characterization of  FLLs is a current 
diagnostic challenge.

The introduction of  diffusion weighted imaging (DWI) 
in liver MRI fuelled high expectations with several en-
couraging studies[5-7]. ���������������  High values of  b - required for char-
acterization - cannot be used to identify FLLs. It has been 
shown that the use of  diffusion weighted single-shot 
echo-planar (DW SS-EP) sequences with a low b-value is 
important for the detection of  hepatic lesions, especially 
for small-sized lesions. The acquisition of  “black blood” 
images with DW SS-EP sequences makes it possible to 
easily differentiate vessels from focal small-sized lesions 
in the liver[8,9]. Parallel techniques reduce artifacts, such as 
“blurring” or magnetic susceptibility artifacts, increasing 
the signal-to-noise ratio (SNR)[10,11]; moreover, respirato-
ry-triggered sequences offer a better possibility of  SNR 
compared to breath-hold techniques[12]. Many studies 
have recently started to compare DWI to T1-weighted 

acquisition in the detection and characterization of  liver 
lesions[13-15].

In diffusion imaging of  the liver, the first difficulty 
concerns the choice of  the appropriate b-value, which 
means the degree of  weighting in diffusion. High b-values 
cannot be used because of  the low SNR they determine: 
for these reasons, ���������������������������������������     in this study we retrospectively evalu-
ated the ability to detect lesions using relatively low b-value 
DWI (b-values extended from b = 0-10 to b = 0-500) in a 
routine liver MRI protocol. The characterization of  FLLs 
was not considered in our work, because the role of  DWI 
in this regard has already been widely debated in previous 
studies[5,15], and seems to be limited by overlapping[16]. 

In the detection of  FLLs, diffusion weighted se-
quences were compared to fat suppressed fast spin-echo 
(fs-FSE) T2-weighted sequences, steady state free-preces-
sion (SSFP) sequences and dynamic triphasic gadolinium-
enhanced acquisition, acquired with 3D fast spoiled gra-
dient echo (FSPGR), emphasizing their advantages and 
limits.

MATERIALS AND METHODS
Patients and lesions
The study included 70 patients with a liver MRI study, 
performed on the basis of  a clinical suspicion of  FLL 
and/or for a morphological suspicion of  FLL derived 
from a previous diagnostic exam (computed tomography 
or ultrasonography). In the revision analysis, the follow-
ing exclusion criteria were adopted: (1) diffuse or “mili-
ary” involvement of  liver parenchyma (2 patients); (2) 
sequences with image quality damaged by artifacts, not 
included in the analysis (5 patients); and (3) incomplete 
liver MRI study (11 patients).

We retrospectively evaluated a total of  52 patients (22 
males, 30 females, average age 55.6 years, range: 25-82 
years), studied from November 2009 to February 2011. 
For detection and characterization of  FLLs, the standard 
of  reference in our study was based on: (1) the presence 
of  previous diagnostic examinations and/or the follow-
up; (2) the presence of  the typical radiological pattern; 
and (3) the histopathology. On the consensus reading, 
277 FLLs were detected: 135 of  them were benign le-
sions, whereas 142 were malignant; the number of  me-
tastases and hepatocellular carcinomas (HCCs) observed 
were 114 and 28, respectively. Metastases were reported 
in 12 patients, whereas HCCs were found in 8 patients 
(Table 1).

The benign lesions detected were as follows: 44 hem-
angiomas were found in 14 patients, 77 cysts in 17 patients 
and 14 focal nodular hyperplasias (FNHs) in 9 patients 
(Table 1).

The diagnosis of  cysts was made for hyperintense le-
sions in T2-weighted images, even with long echo-time, 
without any enhancement during contrast administration. 
The diagnosis of  hemangioma was established as follows: 
(1) typical MRI findings of  cavernous hemangiomas, 
represented by signal hyperintensity in T2-weighted im-
ages - even with long echo-time - and globular centripetal 
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enhancement during contrast administration[17,18]; and (2) 
typical behavior of  capillary hemangiomas or high-flow 
related hemangiomas, with a hypervascular pattern on ar-
terial phase and slight signal hyperintensity or isointensity 
in the delayed equilibrium phase[17,18]. In addition, the sta-
bility of  lesion size was detected on serial cross-sectional 
imaging studies obtained from our archive or acquired 
with a mean follow-up of  8 mo. 

The diagnosis of  FNH was determined by histopa-
thology in only one patient; the remaining FNHs were 
defined considering the following features: (1) a hyper-
vascular aspect in MRI images during the arterial phase 
after contrast administration; (2) retention of  hepato-spe-
cific contrast on delayed images (20 min after Gd-EOB-
DTPA and 120 min after Gd-BOPTA); and (3) presence 
of  a central scar, observed in cases of  typical FNH. The 
uptake of  hepato-specific contrast in the hepatobiliary 
phase and the absence of  estrogen exposure were ad-
opted as criteria to differentiate FNHs from adenomas. 
The diagnosis was also validated by the size stability of  
the lesions on serial cross-sectional imaging studies dur-
ing follow-up (mean time of  9 mo and 24 d).

The diagnosis of  HCC was determined by histopa-
thology in 6 patients; in the remaining cases the presence 
of  HCC was established on the basis of  the typical imag-
ing features (enhancement on the arterial phase, rapid 
wash-out and pseudocapsule on the delayed phase), ac-
cording to clinical tests and a biomarker (increased serum 
levels of  alpha-fetoprotein).

Metastatic malignant lesions were confirmed by bi-
opsy in 6 patients; the remaining metastases were con-
firmed by diagnostic imaging features (target appearance 
for colic metastases) and by their enlarged size, which 
was evident after a mean follow-up time of  123.4 d (90 
d was the shortest follow-up, 174 was the longest). The 
primary sites of  metastases included breast carcinoma  
(n = 1), colorectal carcinoma (n = 9), melanoma (n = 1) 
and pancreatic carcinoma (n = 1).

Imaging protocol
The exams were performed using a 1.5 Tesla Magnetic 
Resonance (General Electric, Signa HDxt); an eight-chan-
nel phased-array coil was used for acquisition of  liver im-
ages. Synchronization with patients’ breath was achieved 
by placing a “respiratory” belt around their abdomen.

The study protocol included: (1) axial breath-hold 
FSPGR T1-weighted, with the following parameters: TR 
= 180 ms, TE = 2.2-4.4 ms (in and out of  phase); flip 
angle 80; thickness = 6 mm; spacing = 1 mm; acquisition 
matrix = 256 �� �����������������������������������������      ×������������������������������������������        224; number of  averages = 1; acquisition 
type = 2D; (2) axial breath-hold SSFP - Fiesta - TR = 4.0 
ms; TE = 1.7 ms; thickness = 6 mm; spacing = 1 mm; 
flip angle = 75; acquisition matrix = 256 �� ������������ ×�������������   224; number 
of  averages = 1; acquisition type = 2D; and (3) axial 
breath-hold fs-FSE T2-weighted - spatial fat saturation; 
TR = 2100 ms; TE > 100 ms; thickness = 6 mm; spacing 
= 1 mm, flip angle = 90; acquisition matrix = 256 �� �����×������  224; 
number of  averages = 1; acquisition type = 2D.

DWI was acquired using a respiratory-triggered SS-
EP technique with several b values (0-10/0-40/0-150/0-3
00/0-500); images obtained with b = 10 and b = 40 were 
also included in the evaluation and in the comparison 
with the other sequences. 

Diffusion sequences were performed with the follow-
ing parameters: TR = 1R-R, TE = 40 ms, EPI factor = 
80, slice thickness = 6 mm, gap = 1 mm, flip angle = 90, 
acceleration factor = 2, FOV 32-44 cm, NSA = 2, acqui-
sition time 39 s, half  scan-factor = 2, band-width = 250 
KHz, scan percentage = 100%, acquisition voxel = N/A, 
reconstruction voxel = N/A, acquisition matrix 192 ��×� 
160, reconstruction matrix = 256 �� ������������������������   × ������������������������   256, spatial fat satura-
tion = Yes - Water Excitation, isotropic motion gradient = 
SI, RL and AP with the Stejskal-Tanner Diffusion scheme.

All examinations included a dynamic multiphase 3D 
FSPGR T1-weighted sequence, acquired before and 
after a hepato-specific-gadolinium contrast agent (Gd-
BOPTA 0.1 mmol/kg, Multihance 0.5 mol, Bracco Imag-
ing, Italy or Gd-EOB-DTPA 25 µmol/kg - 0.1 mL/kg - 
Bayer Schering, Germany). Three-dimensional FSPGR 
sequences were acquired with the following parameters: 
TR = 4.2 ms; TE = 2.0 ms; thickness = 3 mm; flip angle 
= 12; acquisition matrix = 320 �� ����������������������  ×�����������������������    192; acquisition type 
= 3D. A dynamic multiphase hepatic acquisition (arte-
rial, portal and delayed phases) was carried out using the 
smart prep system; when necessary, some studies were 
also completed with a delayed hepato-specific phase, ac-
quired 20 min after Gd-EOB-DTPA, and 120 min after 
Gd-BOPTA administration. The contrast medium was 
administered by a MedRad double testis injector with a 
contrast injection rate of  2 mL/s for Gd-BOPTA and 1 
mL/s for Gd-EOB-DTPA. In all patients an immediate 
bolus of  physiological saline was injected after the con-
trast agent. 

Detection of FLLs
Detection of  FLLs was evaluated considering the num-
ber of  liver lesions observed with different sequences: (1) 

Table 1  Patients and lesions

Characteristics of the patients included in our study. The distribution of 
benign and malignant focal liver lesions (FLLs) among the patients is also 
reported, according to the different categories of lesions observed. HCC: 
Hepatocellular carcinoma.

Total number of patients 52
Age (yr) 55.6
Gender 30 females, 22 males
FLLs distribution
   Patients with benign FLLs 35
   Patients with hemangiomas 14
   Patients with cysts 17
   Patients with FNHs   9
Patients with malignant FLLs 20
   Patients with metastases 12
      Patients affected by breast cancer   1
      Patients affected by colo-rectal cancer   9
      Patients affected by melanoma   1
      Patients affected by pancreatic cancrer   1
   Patients with HCCs   8

Palmucci S et al . Diffusion-MRI and detection of focal lesions
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respiratory-triggered DW SS-EP; (2) fs-FSE T2 weighted 
sequences with long TE (> 100 ms); (3) SSFP images; 
and (4) dynamic triphasic gadolinium-enhanced acquisi-
tion, acquired with multiphase 3D FSPGR T1-weighted 
sequences.

Location and size (maximum axial diameter) were re-
ported for each lesion.

The measurements were carried out by two radiolo-
gists with more than two years of  experience in body 
MRI. Radiologists reviewed images independently; se-
quences were randomized. The following pairs were com-
pared in the number of  FLLs detected: (1) DW SS-EP 
sequences vs fs-FSE; (2) DW SS-EP sequences vs SSFP; 
and (3) DW SS-EP sequences vs dynamic gadolinium-
enhanced acquisition. 

In the detection of  lesions, these compared pairs were 
studied for: (1) all FLLs; (2) benign FLLs; (3) malignant 
FLLs; (4) metastases; and (5) HCC.

The number of  FLLs was finally confirmed by view-
ing: (1) all sequences performed in the MR examination, 
including unenhanced T1 sequences, conventional T2 
sequences, DWI sequences and enhanced 3D FSPGR ac-
quisitions; when available, the hepato-specific phase was 
also considered to validate the number of  lesions; and (2) 
previous or subsequent MR examinations; patient history 
was also considered to assess the number of  lesions, in 
patients who underwent surgical intervention or biopsy.

Statistical analysis
A statistical analysis was performed using Win-Stat Soft-
ware and a MedCalc program (MedCalc® version 11.4.4.0., 
MedCalc Software bvba). Interobserver agreement was 

evaluated for both radiologists involved in the detec-
tion analysis, by calculating the simple k coefficient. The 
k-value was interpreted according to the following clas-
sification: < 0.20 poor; 0.20-0-40 fair; 0.41-0.60 moderate; 
0.61-0.80 good; 0.81-1.00 very good. For the different 
classes of  FLLs (all lesions, benign lesions, malignant le-
sions, metastases, HCCs) the detection rate was calculated 
as: the number of  lesions observed/total number provid-
ed by consensus reading for each category. The number 
of  lesions observed with conventional T2 sequences (fs-
FSE), SSFP sequences, respiratory-triggered DW SS-EP 
sequences (acquired from b = 0-10 to b = 0-500 values) 
and 3D FSPGR post-gadolinium acquisitions were com-
pared using a paired samples t-test.

RESULTS
Interobserver agreement was very good (weighted k = 
0.923, CI = 0.873-0.972). Detection rates for all FLLs, 
benign lesions, malignant lesions, metastases and HCC 
are shown in Table 2.

DW SS-EP sequences vs fs-FSE 
DW SS-EP sequences showed a higher score when com-
pared with conventional breath-hold T2-weighted se-
quence fs-FSE, with P = 0.001 for reader 1 and P = 0.0019  
for reader 2 (Figure 1A). Considering benign FLLs (Fig-
ure 1B), DW SS-EP sequences showed higher values 
than fs-FSE sequences (P = 0.00 017 for reader 1 and P 
= 0.01 for reader 2) and SSFP sequences (P = 0.00 013 
for reader 1 and P = 0.02 for reader 2); in the evaluation 
of  malignant lesions (Figure 1C), DW SS-EP showed 
higher scores than fs-FSE only for reader 1 (P = 0.023), 
whereas no statistical difference was observed by reader 2 
(P = 0.053). In the detection of  metastases (Figure 1D), 
a significant statistical difference was observed for both 
readers, with P = 0.026 for both readers; no statistical dif-
ference was found in the detection of  HCC (Figure 1E).

DW SS-EP sequences vs SSFP 
With reference to all FLLs (Figure 1A), DW SS-EP se-
quences showed the highest score compared with SSFP 
sequences, with P = 0.001 for reader 1 and P = 0.00 035 
for reader 2. The number of  benign FLLs (Figure 1B) de-
tected by DW SS-EP sequences was significantly higher, 
with P = 0.00 013 and P = 0.02 for reader 1 and reader 2, 
respectively.

DW SS-EP sequences also had higher scores in evalu-
ating malignant lesions, metastases and HCC (Figure 
1C-E), with significant P values (P < 0.05); in fact, the 
mean percentage of  metastases detected by DW SS-EP 
was 86.4%, whereas the value observed using fs-FSE was 
70%; also in the detection of  HCCs, diffusion sequences 
were slightly superior to fs-FSE images.

DW SS-EP sequences vs dynamic 3D FSPGR 
gadolinium-enhanced acquisition
All FLLs were better detected by dynamic 3D FSPGR 
enhanced acquisition, with P = 0.0023 for reader 1 and P 

Tri-Gd T1 SSFP fs-FSE DWI Consensus

All FLLs 277
   Reader 1 266 (96) 161 (58) 187 (68) 234 (84)
   Reader 2 256 (92) 185 (67) 185 (67) 222 (80)
   Mean 261 (84) 186 (67) 186 (67) 228 (82)
Benignant 135
   Reader 1 134 (99)   89 (66)   89 (66) 116 (86)
   Reader 2 127 (94)   88 (65)   88 (65) 105 (78)
   Mean 130.5 (97) 88.5 (66)   88.5 (66) 110.5 (82)
Malignant 142
   Reader 1 132 (93)   99 (70)   99 (70) 118 (83)
   Reader 2 129 (91)   97 (68)   97 (68) 114 (80)
   Mean 130.5 (92)   98 (69)   98 (69) 116 (82)
Metastases 114
   Reader 1 104 (91)   82 (72)   82 (72) 100 (88)
   Reader 2 101 (89)   79 (69)    79 (69)   97 (85)
   Mean 102.5 (90)   80.5 (71)   80.5 (71)   98.5 (86)
HCC   28
   Reader 1     28 (100)   17 (60)    17 (60)   18 (64)
   Reader 2     28 (100)   18 (64)   18 (64)   17 (60)
   Mean     28 (100)   17.5 (62)   17.5 (62)   17.5 (62)

Table 2  Detection rate

Detection rate observed by triphasic gadolinium-enhanced T1 sequences 
(Tri-Gd T1), steady-state free precession (SSFP), fat-suppressed fast spin-
echo (fs-FSE) and diffusion-weighted imaging (DWI) sequences. The 
values are divided according to the different categories of lesions analyzed 
in the study. HCC: Hepatocellular carcinoma; FLLs: Focal liver lesions.

Palmucci S et al . Diffusion-MRI and detection of focal lesions
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= 0.0086 for reader 2 in the comparison with DW SS-EP 
sequences (Figure 1A).

In the detection of  benign FLLs (Figure 1B), DW 
SS-EP had lower values than 3D FSPGR enhanced ac-
quisition, with P = 0.011 and P = 0.012 (reader 1 and 
2, respectively); ������������������������������������������       in fact - with reference to the detection 
of  benign lesions - reader 1 identified 116/135 of  these 
lesions, whereas reader 2 had a lower score - 105/135; 
dynamic gadolinium-enhanced acquisitions identified 
134 and 127 lesions (reader 1 and reader 2, respectively); 
mean detection rate was 81.8% for DWI and 96.6% for 
dynamic enhanced gadolinium T1 weighted FSPGR ac-
quisition.

No statistical differences (Figure 1C-E) were observed 
by the readers in the detection of  malignant lesions (P = 
0.09 and P = 0.07). Detection rates of  malignant lesions 
by diffusion sequences were 83% for reader 1 and 80% 
for reader 2, whereas enhanced gadolinium 3D FSPGR 
had higher values - 92.9% and 90.8%, respectively.

With regard to metastases, gadolinium-enhanced 3D 
FSPGR had a mean score of  102.5 for metastases identi-
fied, whereas DWI detected 98.5 metastatic lesions, with 
a detection rate of  89.9% and 86.4%, respectively; com-
paring the mean values of  metastases observed through 
the paired samples t-test, no statistical difference was 
found (P = 0.52 and P = 0.56).

With regard to HCCs, a very slight difference was 
reported by reader 1 (P = 0.049), whereas no difference 
was found by reader 2 (P = 0.06); in our results, diffusion 
images allowed the identification of  17 and 18 lesions for 
reader 1 and for reader 2, respectively, with a mean detec-
tion rate of  17.5 lesions (62.5%), whereas all HCCs were 
correctly identified by 3D FSPGR images.

DISCUSSION
In recent years, some studies have emphasized the role of  
DWI in the characterization and detection of  FLLs[5-7,9-12,19-21]. 
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Figure 1  Histograms comparing the different sequences (A-E). Histograms showing the comparison between the mean values of lesions detected among differ-
ent sequences, for the classes of focal liver lesions (FLLs) [all lesions, benign lesions, malignant lesions, metastases, hepatocellular carcinomas (HCCs)]. Ⅰ= reader 
1; Ⅱ = reader 2; Tri-Gd T1: Triphasic gadolinium T1-weighted sequence; fs-FSE: Fat suppressed fast spin-echo sequence; SSFP: Steady state free precession; DWI: 
Diffusion weighted imaging.
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Furthermore, DWI could provide an additional tool in 
oncological patients, where a correct assessment of  the 
number and localization of  FLLs is essential in choosing 
suitable treatment. In fact, DWI provides better detec-
tion of  FLLs than other T2-conventional sequences, and 
our results confirm what has recently been published in 
the literature. For instance, in a previous study by Bruegel 
et al[10], the sensitivity of  DWI was higher than standard 
breath-hold and respiratory-triggered T2 weighted se-
quences in the diagnosis of  66 small hepatic metastatic 
lesions (sensitivity value of  0.85 and 0.26-0.44, respec-
tively)[10]. In a study by Holzapfel et al[21], the detection of  
small FLLs seemed to be significantly increased by re-
spiratory-triggered diffusion sequences, which produced 
better image quality because of  high spatial resolution 
and an adequate SNR[22]. In the detection of  metastases, 
when DWI was compared to fs-FSE sequences and to 
SSFP, we found a significantly higher number of  lesions 
identified by both readers using DWI; the highest detec-
tion rate - shown by DWI in the detection of  FLLs - was 
probably due to the ‘black blood effect’ of  diffusion-
weighted images: this property makes it easier to distin-
guish small FLLs from hepatic vessels, which may deter-
mine false-positive pseudolesions on T2-weighted turbo 
spin-echo images.

In view of  its capability to detect FLLs, DWI has 
been widely introduced in liver imaging, and many stud-
ies have recently emphasized its additional values in liver 
imaging in order to detect malignant FLLs[13-15]. In this 
regard, a ������������������������������������������������       routine MRI protocol should ideally use all pos-
sible strategies, including many un-enhanced scans: in and 
out-of-phase T1-weighted sequences, T2-weighted FSE 
sequences - even with spatial fat saturation or different 
echo-time, white-blood sequences for morphologic as-
sessment of  liver anatomy such as steady-state sequences, 
and SSFSE sequences to emphasize T2-content; dynamic 
multiphase gadolinium-enhanced acquisitions are neces-
sary to subsequently evaluate FLLs and to study their be-
havior in the arterial, portal and late phases. For this rea-
son, the role of  DWI in a liver MRI protocol should be 
assessed comparing the diffusion sequences not only to 
the conventional T2 sequences, but it must also include 
the dynamic enhanced gadolinium acquisitions. 

In a study by Löwenthal et al[15] - considering only the 
detection of  benign FLLs - a statistical difference in the 
comparison between DWI and hepatobiliary phase (MR-
late) Gd-EOB-DTPA-enhanced images was reported; no 
difference was observed between DWI and dynamic (MR-
dyn) Gd-EOB-DTPA-enhanced images, unlike the data 
reported in our comparison. This may be explained by 
the fact that DWI is less reliable than dynamic enhanced 
gadolinium FSPGR acquisitions, being much more sensi-
tive to magnetic susceptibility artifacts. For instance, in 
our study, 6 cases of  FNHs were missed by both readers 
evaluating only the diffusion-weighted images, prob-
ably due to their location in the parenchyma of  the left 
lobe, near the gastric area: in this area DWI (Figure 2)  
could be affected by magnetic susceptibility or motion 
artifacts related to cardiac and gastric wall.

On analyzing the comparison using the t-test, no 
statistical difference between the number of  lesions 
identified by DWI and dynamic enhanced gadolinium ac-
quisition was observed, and DWI could be considered a 
valid diagnostic tool in the detection of  malignant lesions 
in a liver study, even if  they are characterized by a lower 
sensitivity in comparison to the dynamic acquisition. The 
high detection rate using DWI is especially observed in 
the evaluation of  metastases, as confirmed in other stud-
ies[14]. The good results obtained using DWI in our study 
may be explained by the application of  respiratory trig-
gering, which produced better image quality because of  
high spatial resolution and an adequate SNR[12]; use of  
the respiratory-triggered modality in the diffusion images 
increases the spatial resolution,����������������������������      but requires a longer time 
for the acquisition. ������������������������������������      In addition, the use of  low b-value 
diffusion sequences, acquired by parallel techniques, re-
duces artifacts such as “blurring” or magnetic susceptibil-
ity artifacts, increasing the SNR[10,11].

In a recent study by Kenis et al[13], DWI was used in 
the staging of  oncological disease in patients with im-
paired renal function; in this study, MR showed a signifi-
cant additional capability in the detection of  metastases 
when considering DWI and gadolinium MRI together[13]. 
Kenis et al[13] analyzed three image sets: unenhanced T1 
and T2 acquisitions/gadolinium-enhanced T1, DWI and 
a combination set; all observers reported high sensitivity 
values using the combination set of  images; as a conse-
quence, diagnostic accuracy increased significantly when 
DWI was added to Gd-MRI.

DWI is limited in the detection of  HCC, with a mean 
detection rate (62.5%) lower than 3D FSPGR enhanced 
images (100%). Five HCC lesions missed by both readers 
were located in a subdiaphragmatic liver segment close 
to the heart or gastric wall (Figure 3): again, the lower 
diagnostic accuracy of  DWI was probably related to the 
presence of  magnetic susceptibility or motion artifacts in 
these locations, and even if  the introduction of  triggered-
acquisition increased their image quality, we suggest that 
the evaluation of  these areas could be limited. Similarly, 
magnetic susceptibility artifacts caused by colonic loop - 
often located very close to the caudal portion of  the right 
liver - reduces imaging quality on diffusion images, with 
low signal intensity of  parenchyma and loss of  liver pro-
file: one metastasis missed by both readers was located in 
the caudal portion of  the IV segment, near to the colonic 
wall (Figure 4). ����������������������������������������     In addition, lower scores obtained with 
DWI in our study - regarding the detection of  HCCs - 
may also be explained by the different signal intensity ob-
served in these lesions: in fact, in a recent study by Kim  
et al[14] they were isointense or hyperintense to the liver[14]. 
In a cirrhotic liver, HCCs may show the same signal 
intensity as the surrounding parenchyma, involved in a 
chronic fibrotic process, and as a consequence the detec-
tion and characterization of  HCCs may be difficult[14].

Although some artifacts may affect the imaging quality 
of  diffusion images, the highest detection rate observed 
in a liver MRI protocol suggest that they can easily help 
radiologists in the detection of  FLLs, and in particular, 
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in the evaluation of  metastases. These lesions are often 
reported with a larger size in the diffusion images, in 

comparison to the measurements observed by enhanced 
acquisitions. This larger size is better depicted in the 

Figure 2  Focal nodular hyperplasia found in the left liver lobe. A: A round-shaped solid lesion (arrow) is depicted in the left liver lobe (in the Ⅱ segment); B, C: 
The lesion (arrow) appears homogeneously hyperintense in the arterial phase, and remains slightly hyperintense in the portal and in the equilibrium phase; D: The 
lesion was missed on the diffusion image by both readers, probably due to its location near the gastric wall, along the liver surface; E: In the hepato-specific phase, 
the lesion (arrow) shows uptake of gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid; a diagnosis of focal nodular hyperplasia was suggested due to the 
dynamic behavior observed after contrast administration.

Figure 3  Hepatocellular carcinoma in the left liver lobe. A: Hypervascular lesions depicted (arrows) in the arterial phase; B: Lesions show wash-out in the venous 
phase (arrows), suggesting the diagnosis of hepatocellular carcinomas; C: On diffusion imaging, acquired at b10 value, lesions were not detected by the readers, due 
to their location near the gastric wall.
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follow-up of  oncological patients, where lesions seem 
to be more reduced than those reported by gradient T1-
weighted acquisition.

The main limitations of  our work include the small 
number of  histological proofs for FLLs: this may be ex-
plained by the fact that we retrospectively analyzed our 
study population and had many difficulties in collecting 
the patients’ data. In addition, we discarded many exams 
when the image quality was damaged by artifacts, or in 
cases of  incomplete liver MRI study.

There was no comparison between DW SS-EP and 
FSPGR images obtained in the hepato-specific phase; this 
may represent a limitation, considering the high potential 
value of  liver-specific contrast assessed in the literature, 
especially in the evaluation of  HCC[22]. Unfortunately, the 
number of  exams including the hepato-specific phase in 
our study was not consistent and adequate for statistical 
analysis.

In conclusion, DWI may be very helpful to radiolo-
gists in a liver MRI protocol, increasing the detection 
of  FLLs; considering the data reported in our study, 
the reliability of  DWI is slightly lower than dynamic 3D 
FSPGR gadolinium-enhanced acquisition, but higher 
than conventional T2-weighted sequences. Regarding ma-
lignant FLLs, no statistical difference was found between 
DWI and conventional dynamic gadolinium images in 
our study; nevertheless, we feel contrast administration is 
mandatory to ensure the absence of  malignant liver dis-
eases, especially HCCs.

COMMENTS 
Background
The introduction of diffusion weighted imaging (DWI) in liver magnetic reso-
nance imaging (MRI) fuelled high expectations: �����������������������������    in the assessment of diffuse 
and focal parenchymal disease, DWI is the latest added value in liver MRI. 
Research frontiers
The use of diffusion weighted single-shot echo-planar (DW SS-EP) sequences 
with low b-value is important for the detection of hepatic lesions, especially for 
small-sized lesions. The acquisition of “black blood” images with DW SS-EP se-
quences makes it possible to easily differentiate vessels from focal small-sized 
lesions in the liver. In addition to the use of low b-value diffusion sequences, 
parallel techniques reduce artifacts, such as “blurring” or magnetic susceptibility 
artifacts, increasing the signal-to-noise ratio.
Innovations and breakthroughs
With regard to the detection all focal liver lesions (FLLs), in this study the 
authors retrospectively compared DWI with both T2-weighted conventional 
sequences and three dimensional dynamic gadolinium images. This study 
brings into focus the ability of DWI to detect FLLs when inserted in a complete 
standard liver MRI protocol.
Applications
The results suggest that DWI may be adopted as “a standard sequence” in a 
liver MRI protocol, owing its ability to detect FLLs.
Terminology
DWI is an imaging modality based on the measurement of the “free water” in 
biological tissues. Water molecules move randomly, in the so-called Brownian 
motion. Because of the different cellularity and percentage of free water, tissues 
may produce variable signal intensity, and DWI may help in detecting lesions.
Peer review
In this manuscript, the authors described the usefulness of diffusion-weighted 
imaging in detection of focal liver lesions. This topic is interesting; however, 
some revisions are needed to improve your manuscript.

Figure 4  Metastasis in the Ⅳ segment. A: A metastatic lesion in colon carcinoma is depicted in the most caudal area of the Ⅳ liver segment, it was well depicted 
in the fat-suppressed fast spin-echo T2-weighted sequence (arrow); B: In the gadolinium-enhanced acquisition (arrow); C: The lesion is poorly represented in the dif-
fusion-weighted imaging, covered by magnetic susceptibility artifacts due to the adjacent intestinal loop (arrows); D: Delayed imaging after gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid confirmed the metastatic lesion (arrow).
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Abstract
AIM: To determine the prevalence of unsuspected thy-
roid nodules on contrast enhanced 16- and 64-modified 
discrete cosine transform (MDCT) of the chest, in a 
population of adult outpatients imaged for indications 
other than thyroid disease.

METHODS: This retrospective study involved review 
of intravascular contrast-enhanced MDCT scans of 
the chest from 3077 consecutive adult outpatients, to 
identify unsuspected thyroid nodules. Exclusion crite-
ria included history of thyroid cancer, known thyroid 
nodules or thyroid disease and risk factors for thyroid 
cancer, as evidenced by their medical records. One of 9 
radiologists recorded number of nodules, location and 
bidirectional measurement of largest nodule, as well as 
amount of thyroid visualized on the chest computed to-
mography (CT). Presence of nodule was correlated with 
age, gender, race and percentage of thyroid imaged. 

RESULTS: A total of 2510 (2510/3077 or 81.6%) study 
subjects were included in the data analysis; among them, 

one or more nodules were identified in 629 subjects 
(629/2510 or 25.1%), with 242 (242/629 or 38.5%) 
having multiple nodules. Patients with nodule(s) were 
significantly older than those without (64 ± 13 years 
vs  58 ± 14 years, P  < 0.0001), and female gender was 
associated with presence of nodule(s) (373/1222 or 
30.5% vs  256/1288 or 19.9%, P  < 0.0001). Women 
were also more likely having multiple nodules (167/373 
or 44.8%) compared to men (75/256 or 29.3%, P  < 
0.0001). The majority of nodules (427/629 or 67.9%) 
were less than 1 cm.

CONCLUSION: This retrospective review revealed a 
prevalence of 25.1% for unsuspected thyroid nodules 
on contrast-enhanced chest CT.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Thyroid carcinoma is troid cancer results in only approxi-
mately 1500 deaths each year, maihe most frequent endo-
crine cancer, with 33 500 new cases annually in the Unit-
ed States. Thynly due to uncommon, aggressive forms 
of  the disease[1]. The incidence of  differentiated thyroid 
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cancers has increased between 1988 and 2005, likely re-
lated to increased detection of  small nodules on cross-
sectional imaging exams[2]. The highest rate of  increase 
is among primary tumors measuring less than 1.0 cm, 
nearly all of  which are treatable, asymptomatic papillary 
thyroid cancers[2]. Despite this rise in incidence of  thyroid 
cancer, thyroid cancer-specific mortality has remained 
stable from 1973 to 2002, due to aggressive treatment of  
even small incidentally detected lesions. For example, ap-
proximately 75% of  patients with small papillary thyroid 
cancers (< 1.0 cm) undergo total thyroidectomy[3]. Over-
diagnosis and overtreatment are a rising concern due to 
the relatively benign nature of  these small neoplasms.

The likelihood of  thyroid nodules increases with age, 
iodine deficiency, and history of  head and neck radia-
tion[4,5]. The exact prevalence of  thyroid nodules varies 
with the population studied and the methods used for 
detection. Studies show a prevalence of  2%-6% on pal-
pation, 19%-35% with ultrasound, and as high as 65% 
in autopsy data[4]. The vast majority of  nodules detected 
employing these methods are diagnosed as benign colloid 
nodules, cysts or adenomas, while only approximately 5% 
of  nodules are malignant[6].

Identification of  incidental thyroid nodules at com-
puted tomography (CT) is an area of  growing interest. 
As chest CT is performed more frequently, especially in 
the emergency room (ER) setting, incidentally detected 
thyroid nodules can be a challenge for both ER physi-
cians and radiologists. Two recently published studies 
have reported that 17% of  those imaged with neck CT 
had an unsuspected thyroid nodule[7]. Improvements in 
image quality resulting from advances in CT technology 
have increased the frequency with which these lesions 
are detected. As smaller lesions are discovered, triage 
algorithms and management protocols must be defined, 
to balance identification of  malignant or premalignant 
lesions with additional imaging studies and/or biopsy 
that prove unnecessary in patients with benign nodules. 
As a basis for additional research in this area, our study 
is a focused investigation designed to measure the period 
prevalence of  unsuspected thyroid nodules using high 
resolution (current state-of-the-art) intravascular con-
trast enhanced chest modified discrete cosine transform 
(MDCT) in adult outpatients.

MATERIALS AND METHODS
The institutional review board at Johns Hopkins School 
of  Medicine granted an exemption for this health insur-
ance portability and accountability act compliant retro-
spective investigation and waived the requirement for 
informed patient consent.

Subjects
We retrospectively identified all adult patients who un-
derwent contrast enhanced MDCT of  the chest at an 
outpatient center over a 1-year period. The examinations 
were identified by using an internal coding system for CT 
scans that included the chest and intravascular contrast. 

Over the period from April 1, 2008 to April 1, 2009, 3077 
adult outpatients were imaged.

To ensure that any nodules discovered were truly un-
suspected and previously unknown, we excluded patients 
with any known thyroid disease or history of  head and 
neck radiation, as evidenced by record review. Exclusion 
criteria included patients under the age of  18, patients 
with a known history of  either symptomatic thyroid dis-
ease or thyroid cysts or masses, indication for CT related 
to thyroid disease, and patients who underwent prior thy-
roid surgery. Patients were excluded if  no portion of  the 
thyroid was visible on the CT.

CT technique
All CT examinations were performed with a Somatom 
Sensation 16-MDCT scanner (Siemens Medical Solu-
tions) or Somatom Sensation 64-MDCT. Anatomic cov-
erage was from thoracic inlet to dome of  diaphragm. If  
no portion of  the thyroid was visible on the chest CT, the 
patient was excluded. Depending on the stated indication, 
the post contrast acquisition was either arterial phase 
(25-30 s) or venous (50-70 s). If  the patient had arterial 
and venous acquisitions, then the venous was used to 
perform measurements. Acquisition parameters included 
detector row configuration of  0.625 mm or 1.25 mm and 
reconstruction thicknesses ranging from 3 to 5 mm. 

Data collection
One of  9 attending radiologists in the division of  body 
CT reviewed each scan, using Ultravisual Software (Ema-
geon) to evaluate the study as axial sections in scroll 
mode using a soft tissue window. If  a patient underwent 
more than one chest CT examination during the study 
period, only the first examination was reviewed. The fol-
lowing data were collected for each scan: percentage of  
the thyroid gland visible on the chest CT, appearance of  
the gland (normal, enlarged but without nodule, single 
nodule, multiple nodules without dominant, multiple 
nodules with dominant). If  a nodule (including cyst) was 
identified, location and size were recorded. Measure-
ments were performed with an electronic caliper measur-
ing tool. Each positive CT was re-reviewed by two expe-
rienced attending body CT radiologists in consensus, the 
purpose being to confirm that the finding represented a 
true thyroid nodule. Multiplanar reconstructions (MPR) 
were not reviewed.

All continuous parameters were summarized by means 
and standard deviations and all categorical parameters 
were summarized as proportions. To compare between-
group differences, the Student’s t-test was used for con-
tinuous variables, and the χ 2 test was used for categorical 
variables. The P-values reported are two-sided. A P -value 
< 0.05 indicated statistical significance.

RESULTS
Included were 2510 subjects, among them 1222 (48.7%) 
were women. The race distribution was 72.8% white 
(1828/2510), 17.6% black (442/2510), 3.0% Asian 
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(76/2510), 1.2% Hispanic (29/2510), 3.5% other (88/2510) 
and 1.9% not reported (47/2510). Mean age was 59.3 
years with a range of  18 to 94 years. No association was 
shown between presence of  nodule and race (P = 0.5612). 

One or more nodules were identified in 629 subjects 
(629/2510 or 25.1%). More than half  of  these subjects 
had only one nodule (61.5%, 387/629), while 38.5% 
(242/629) had more than one nodule (defined as multiple 
nodules). The anatomic location of  the largest nodule is 
reported in Table 1. The mean maximum diameter was 
8.56 mm, with standard deviation 6.42 mm and range 
1.0-62.0 mm. The majority of  nodules were less than 1 
cm (427/629 or 67.9%), as opposed to 1 cm or greater 
(202/629 or 32.1%).

The entire thyroid gland was imaged in 55.3% (1389/ 
2510) patients, while more than half  of  the thyroid gland 
was imaged in 36.9% (925/2510) patients and less than 
half  in 7.8% (196/2510) patients. The appearance of  the 
gland is reported in Table 2. Of  the patients who had the 
entire thyroid imaged (n = 1389), nodules were identified 
in 352 (25.3%), compared to 277/1121 (24.7%) whose 
thyroid was only partially imaged. Presence of  a nodule 
was not associated with percentage of  thyroid imaged (P 
= 0.7165). 

Data on 601 patients provided information on loca-
tion of  nodules. Location of  a nodule was more likely 
mid gland or lower pole than upper pole (Table 3). This 
was the case for all patients as well as those whose entire 
thyroid was imaged. However, the pattern of  nodule 
distribution was significantly different between patients 
who had the entire thyroid imaged and those who had 
only part of  the thyroid imaged. The majority of  nodules 
occurred in the interpolar pole for patients who had only 
partial thyroid imaged (P = 0.0008)

Female gender was associated with presence of  no
dule(s) (373/1222 or 30.5% vs 256/1288 or 19.9%, P < 
0.0001). Gender were also found to be correlated with 
presence of  multiple nodules, with women more likely 
having multiple nodules (167/373 or 44.8%) compared 
to men (75/256 or 29.3%) (P < 0.0001). 

Age was found to be correlated with number of  nod-
ules. Patients with nodule(s) were significantly older than 
those without (64 ± 13 years vs 58 ± 14 years, P < 0.0001). 
There was a significant difference in the mean age of  pa-
tients with no nodules (mean ± SD: 58 ± 14 years), one 
nodule (62 ± 13 years) and multiple nodules (66 ± 12 
years) (P < 0.0001).

DISCUSSION
The frequency with which thyroid nodules are detected 
has varied from as low as 2% to as high as 67%[8-10]. 
Differences in mode of  detection certainly account for 
variability in prevalence. For example, autopsy is more 
sensitive than ultrasound, which is more sensitive than 
CT. Incidental lesions are detected least frequently on 
positron emission tomography (PET) scans. In a study by 
Carroll et al[8] incidental thyroid nodules were detected by 
ultrasound in 13% (six women and three men) of  67 pa-

tients without known thyroid disease, which is at the low 
end of  the detection spectrum. Woestyn et al[11] reported 
on 300 ultrasound examinations in patients without any 
signs or symptoms of  thyroid disease, asymmetry, or en-
largement. Approximately 19% of  patients (17% of  men 
and 20% of  women) presented with small, incidental 
echoic nodules. However, improvements of  ultrasound 
technology have led to substantial increases in detection 
of  thyroid lesions. In 2006, Bartolotta et al[12] demon-
strated thyroid nodularity in 33% of  704 patients without 
known thyroid disease, using high-resolution ultrasonog-
raphy (HRUS) and real-time spatial compound sonog-
raphy. Approximately 60% of  the nodules were found 
in women. Ezzat et al[9] examined 100 healthy volunteers 
without history of  thyroid disease and ionizing radiation 
exposure and reported the highest rate of  detection us-
ing HRUS at 67%. However, 84% of  the subjects were 
female, which likely contributed to an overestimation of  
nodule prevalence.

Autopsy data on incidental thyroid lesions is limited. 
An autopsy study by Mortensen et al[13] macroscopically 
examined 821 thyroid glands from patients with no his-
tory of  thyroid disease and reported a 50% prevalence of  
thyroid nodules. Approximately 12% contained a single 
nodule and 38% had multiple nodules.

Incidental thyroid nodules are also detected on FDG 
PET. In a study of  4525 patients by Cohen et al[10], un-
suspected thyroid nodules were demonstrated in 2% of  

Upper pole Mid gland Lower pole Total

Right        72      120        90 282 (45)
Left        47      138      134 319 (51)
Isthmus 28 (5)

119 (19) 258 (41) 224 (36)   629 (100)

Table 1  Location of the 629 nodules identified on chest 
computed tomography  n  (%)

Table 2  Characterization of the thyroid gland on intravascular 
contrast enhanced computed tomography in 2510 patients

Characterize Frequency Percent

No nodule 1790 71.3
Enlarged but no nodule      91   3.6
Solitary nodule    387 15.4
Multiple nodules (no dominant)    143   5.7
Multiple nodules (dominant)     99   3.9

Table 3  Distribution of nodules in patients who had entire 
thyroid imaged vs  all patients  n  (%) 

Location Whole thyroid imaged All patients

Upper pole 81 (24) 119 (20)
Interpolar pole 124 (37) 258 (43)
Lower pole 131 (39) 224 (37)

The pattern of distribution was significantly different; although, interpolar 
and lower pole location was most common in both groups.

Ahmed S et al . Thyroid nodules on chest MDCT
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patients. However, these scans were performed for can-
cer staging which likely introduces selection and popula-
tion biases. Kang et al[14] examined 1330 patients on FDG 
PET and also reported a prevalence of  2%. This modal-
ity is particularly useful for detecting thyroid cancers, with 
studies reporting sensitivity and specificity of  75%-90% 
and 90%, respectively[15,16].

A few studies have looked at the prevalence of  inci-
dental thyroid nodules on neck CT. In a 2008 study, Yoon 
et al[7] retrospectively reviewed CT scans of  the neck in 
734 patients without known thyroid disease and reported 
incidental thyroid nodules in 17% of  patients. Their pa-
tient population was younger than in our study (mean 
age 49.8 years compared to our mean age of  59.3 years). 
This study employed a 16-detector row CT scanner and 
did not exclude patients with prior history of  neck radia-
tion. They also showed that CT features, like calcification, 
anteroposterior (AP) to transverse (T) diameter ratio, and 
mean attenuation value, could be used to predict malig-
nancy. This demonstrates the diagnostic value of  CT in 
evaluating thyroid nodules, which may help to avoid ex-
tensive ultrasound evaluations. 

Youserm et al[17] analyzed 123 neck CT scans (HSA or 
9800 Quick scanner) and 108 MR images, and reported 
the prevalence of  incidental thyroid nodules at 15%. The 
lower prevalence probably related to the CT technology, 
as this study was conducted in 1994. However, this study 
also did not exclude patients with a history of  neck radia-
tion. Given the increased prevalence of  thyroid nodules 
in patients with history of  neck radiation[4], we incorpo-
rated it in the exclusion criteria. Even though our study 
evaluated MDCT of  the chest, which does not always im-
age the entire thyroid, a prevalence of  25.1% was noted, 
which is within the range previously reported. Further-
more, there was no difference in the prevalence of  those 
whose entire thyroid was imaged vs only a portion of  the 
thyroid included in the acquisition.

The likelihood of  having a thyroid nodule and mul-
tiple nodules correlated with increasing age, as has been 
reported previously. Woestyn et al[11] found that thyroid 
nodules were significantly more common on ultrasound 
scans for patients over the age of  60. Bartolotta et al[12] 
showed that the prevalence of  thyroid nodularity on 
HRUS and real-time spatial compound sonography peak
ed in the 61- to 70-year-old age group, and then steadily 
declined. However, this was also the most common age 
group in their sample. Ezzat et al[9] found that there was 
a tendency toward an increased probability of  a thyroid 
nodule on HRUS with increasing age, but this correlation 
was not statistically significant. An autopsy based study 
showed that nodules were significantly more common 
in women over the age of  40[13]. Both of  the previously 
mentioned CT-based studies did not show any correla-
tion between age and nodule frequency. To our knowl-
edge, our study is the first to show a correlation between 
age and thyroid nodularity on CT.

Several studies report a higher prevalence of  thyroid 
nodules in females than males[7-9,11,12]. Frequencies range 
from 20% to 72% in women and 7% to 41% in men. 

This was also the case in our study, with women more 
frequently having 1 nodule (16.86% of  women vs 14.1 % 
of  men) and multiple nodules (13.7% of  women and 5.8% 
of  men) (P < 0.0001). 

The correlation between race and thyroid nodular-
ity still remains unclear. Haselkorn et al[18] demonstrated 
that a greater prevalence of  goiter and thyroid nodules 
accounted for a substantial portion of  the higher thyroid 
cancer incidence rates among Southeast Asian (Filipino, 
Vietnamese, Thai, Indonesian, Pacific Islander) women 
living in the United States than among Northern Asian 
(Chinsese, Japanese, Korean and Asian-Indian) and non-
Latino Caucasian women. Our study showed no associa-
tion with race (P = 0.5612). 

We also examined the prevalence of  solitary and mul-
tiple nodules. In our study, one or more nodules were 
identified in 629 subjects (25.1%). More than half  of  
these subjects had one nodule (61.5%, 387/629), while 
242/629 (38.5%) had more than one nodule. Previous 
studies have examined the relationship between the num-
ber of  thyroid nodules seen in a patient and the risk of  
malignancy and thyroid cancer. Sippel et al[19] retrospec-
tively reviewed records of  325 patients who underwent 
thyroidectomy with a fine needle aspiration diagnosis of  
either follicular neoplasm, Hürthle cell neoplasm, or inde-
terminate. They showed that the risk of  malignancy was 
lower in patients with multiple nodules as compared to 
those with a solitary nodule (16% vs 28%). Frates et al[20] 
showed that although solitary nodules have a higher per-
nodule likelihood of  malignancy, the prevalence of  thy-
roid cancer was similar between patients with solitary and 
multiple nodules. However, that study only considered 
nodules larger than 10 mm in diameter. These studies 
suggest that there is a higher risk associated with solitary 
nodules and approximately two-thirds of  thyroid cancers 
are found in the dominant nodule in patients with mul-
tiple nodules[21]. However, non-dominant nodules cannot 
be ignored because they still comprise a significant por-
tion of  carcinomas. 

A CT-based study showed that dominant nodules 
were evenly distributed between lobes, but more com-
monly detected in the lower pole[22]. In our series, the 
mid gland was most common (41%), followed by lower 
pole (36%) for either dominant nodule or solitary nod-
ule. Nearly half  (45%) of  patients had only a portion of  
the thyroid imaged, potentially skewing results toward 
the lower pole. When only those patients whose entire 
thyroid was imaged are analyzed, the difference between 
right vs left lobe was less pronounced, with 45% in the 
right lobe and 51% in the left lobe. Our results showed 
that mean maximum diameter of  the largest nodule iden-
tified on chest CT was 8.6 mm, and the majority (68%) 
were less than 1 cm in maximum diameter. The risk of  
malignancy is difficult to determine using size as a di-
agnostic criterion. In one study, Papini et al[23] correlated 
sonographic findings with the results of  ultrasound-
guided FNA biopsy and pathologic staging of  resected 
carcinomas. They examined 494 patients and showed 
that the prevalence of  malignancy was not significantly 
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different between nodules greater or smaller than 1 cm 
(9% vs 7%). Sahin et al[24] examined 207 nodular goiter 
patients and demonstrated that 21% of  nodules smaller 
than 1 cm and 17% of  nodules larger than 1 cm were 
malignant. However, nodules that are larger than 4 cm 
may carry a higher risk of  malignancy than those smaller 
than 1 cm[25]. Although the clinical importance of  nodule 
size is still controversial, several studies demonstrate that 
an AP/T diameter ratio greater than 1.0 is more frequent 
in malignant than in benign nodules[7,26,27], which suggests 
that nodule shape may be an important diagnostic indica-
tor. In our study, we measured the AP and T diameter 
of  the largest thyroid nodule found on CT for each pa-
tient; however we did not perform long term follow up 
to determine whether nodules were benign vs malignant. 
Future research collecting follow up data will be useful 
to determine whether the AP/TRV ratio proves to be a 
valid indicator of  malignancy. 

Likely owing to improved resolution resulting from 
advancements in imaging technology, the prevalence of  
thyroid nodules on CT and MRI has increased dramati-
cally. Although the risk of  cancer is quite low (about 
5%), most nodules 1 cm or greater are sampled with 
ultrasound-guided fine-needle aspiration (FNA) biopsy. 
This has led to a marked increase in the number of  pa-
tients with papillary microcarcinomas, which measure 
less than 10 mm in diameter[28]. Treatment strategies re-
main controversial In one series, approximately 75% of  
patients with small papillary thyroid cancers (< 1.0 cm) 
underwent total thyroidectomy[3], which carries small, 
but significant risk of  complications. Following surgery, 
many patients are also placed on a lifetime of  thyroid 
replacement therapy. Despite an increase in surgeries to 
treat these carcinomas, thyroid cancer-specific mortality 
has not improved[3]. Ito et al[29] showed that out of  162 
patients with papillary microcarcinomas, more than 70% 
of  tumors either remained stable or decreased in size, 
even after 5 years or more, suggesting that overtreatment 
of  thyroid disease is a concern, as noted by Black et al[30]. 
Further study to determine the natural history and histo-
logic subtype of  the lesions identified will be a great aid 
in further refining algorithms for cost-effective evaluation 
and treatment of  clinically detectable thyroid nodules.

Management recommendations for thyroid nodules 
are still under debate because benign nodules are highly 
prevalent in the population and thyroid carcinoma is 
relatively uncommon. If  we extrapolate from other CT 
series, we expect that 5% or 32/629 of  the nodules that 
we detected will be cancer. Size has been identified as a 
discriminatory criteria to guide management. According 
to guidelines established by the National Comprehensive 
Cancer Network (NCCN) in 2009[25], solitary nodules 
measuring greater than 1 cm in diameter in patients with 
certain risk factors should be further evaluated with 
measurement of  TSH levels, neck ultrasound, and FNA 
of  nodules and clinically suspicious lymph nodes. Risk 
factors include age below 15 years and above 60 years, 
male gender, history of  head and neck radiation, history 
of  diseases associated with thyroid cancer (eg., Gardner’s  

syndrome, Cowden’s syndrome, and Carney Complex), 
and family history of  thyroid cancer. Intranodular hy-
pervascularity, irregular borders, and microcalcification 
seen on ultrasound are also important factors associated 
with malignancy[21]. Nodules that are very firm, have ex-
hibited a pattern of  rapid growth, and/or are invading 
other neck structures should be considered for surgery 
after FNA. NCCN also recommends that unsuspected 
nodules that measure less than 1 cm in patients without 
the aforementioned risk factors should be monitored, 
followed-up clinically as indicated, and a lateral neck ul-
trasound may be considered. Major sets of  guidelines for 
follow-up and management of  incidental thyroid lesions 
are established by the American Thyroid Association, the 
British Thyroid Association, and the Society of  Radiolo-
gists in Ultrasound[21,31,32].

There are certain limitations to our study which should 
be addressed. First, the retrospective nature of  the study 
is not ideal to obtain a random sample but allowed time 
efficient review of  a large number of  cases. Second, since 
this was a review of  all contrast enhanced chest CTs 
during the selected time period, the data acquisition, con-
trast administration and reconstruction parameters were 
not uniform across all subjects. It is possible that more 
nodules would have been detected if  all data sets were re-
viewed with thin sections or with the addition of  MPRs. 
Third, the entire thyroid was not visible on all patients 
because the imaging protocol was not standardized to 
visualize the thyroid. However, there was no significant 
difference between patients whose entire thyroid was im-
aged as opposed to partially imaged with respect to per-
centage of  patients who had a nodule, which prompted 
inclusion of  all 2510 patients for analysis. It is also im-
portant to note that when the entire thyroid was imaged, 
the vast majority (76%) of  nodules were in the lower and 
mid-gland regions (Table 3). Scans with partial visualiza-
tion of  the thyroid tended to exclude portions of  the 
upper pole since the protocol was primarily designed for 
chest imaging. Therefore, the portion of  the thyroid with 
a tendency to be missed on our imaging (i.e., the upper 
pole) was also the region with the lowest probability of  
having a lesion. This is likely the reason for insignificant 
differences in nodule prevalence between patients with 
fully- and partially-visualized thyroid glands. Nonetheless, 
our data may slightly underestimate the true prevalence 
of  incidental thyroid nodules. 

In patients with multiple scans during the study peri-
od we used the first positive CT study rather than choos-
ing one that best visualized the thyroid gland because 
we wanted to look at truly incidental findings. Thus, by 
choosing the first study (not optimized for thyroid imag-
ing) our data represents incidental detection of  thyroid 
lesions on routine chest CT imaging.

In conclusion, unsuspected small thyroid nodules are 
being detected with increased frequency on CT. In this 
outpatient population the prevalence of  unsuspected, as-
ymptomatic nodules identified on contrast enhanced 16- 
and 64-MDCT of  the chest was 25.1%. The presence of  
a nodule showed a strong correlation with increasing age 
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as well as female gender, but not race. This study serves 
to highlight some important characteristics of  incidental 
thyroid lesions on chest CT, including patterns of  distri-
bution within the gland and patient demographics. Given 
that nearly one-quarter of  our patients had a positive 
finding on chest CT, this study also emphasizes the clini-
cal relevance of  incidental thyroid lesions and the need 
for standardized protocols for evaluation and follow up.
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Abstract
AIM: To retrospectively assess the acute and long-term 
toxicity using aromatase inhibitors (AI) therapy concur-
rently with hypofractionated radiotherapy (HFRT) in 
breast cancer patients.

METHODS: From November 1999 to October 2007, 
66 patients were treated with breast HFRT and concur-
rent AI. In 63 patients (95.5%), HFRT delivered a total 
dose of 32.5 Gy to the whole breast within 5 wk (five 
fractions, one fraction per week). Other fractionations 
were chosen in three patients for the patients’ personal 
convenience. A subsequent boost to the tumor bed was 
delivered in 35 patients (53.0%). Acute toxicities were 

scored according to the Common Toxicity Criteria for 
Adverse Events v3. Late toxicity was defined as any tox-
icity occurring more than 6 mo after completion of HFRT 
and was scored according to the Late Effects Normal 
Tissue Task Force-Subjective, Objective, Management 
and Analytic scale.

RESULTS: At the end of the HFRT course, 19 patients 
(28.8%) had no irradiation-related toxicity. Acute grade 
1-2 epithelitis was observed in 46 patients (69.7%). 
One grade 3 toxicity (1.5%) was observed. With a me-
dian follow-up of 34 mo (range: 12-94 mo), 31 patients 
(47%) had no toxicity, and 35 patients (53%) presented 
with grade 1-2 fibrosis. No grade 3 or greater delayed 
toxicity was observed.

CONCLUSION: We found that AI was well tolerated 
when given concurrently with HFRT. All toxicities were 
mild to moderate, and no treatment disruption was nec-
essary. Further prospective assessment is warranted.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Adjuvant endocrine therapy demonstrated clinical benefit 
in breast cancer patients with tumors that express hor-
mone receptors[1-4]. More particularly, third-generation 
aromatase inhibitors (AI) demonstrated improved dis-
ease-free survival as adjuvant therapy in postmenopausal 
patients with hormone positive early breast cancer[5-9]. 
Postoperative endocrine therapy has become standard 
clinical practice in this population and it is frequently 
delivered along with adjuvant radiation therapy (RT). 
However, the preclinical findings that AI might increase 
radiosensitivity raised concerns about the safety of  such 
association[10].

Retrospective analysis reported that concurrent use 
of  adjuvant normofractionated RT and endocrine ther-
apy using AI did not increase RT-related side effects[11]. 
More recently, the prospective randomized phase Ⅱ trial 
Concomitant Hormono-Radiotherapy (CO-HO-RT) 
study demonstrated that patients receiving conventionally 
fractionated RT and letrozole did not experience more 
frequent or more serious skin toxicity[12]. Although this 
trial provided evidence for the safety of  normofraction-
ated RT and AI, no conclusion could be drawn regarding 
hypofractionated radiotherapy (HFRT) and concurrent 
AI.

HFRT is frequently proposed as an alternative to 
standard fractionation in elderly patients treated with a 
breast conservative strategy[13-15]. In this population, an 
abbreviated course of  radiation therapy is more conve-
nient than standard fractionation. Recently, a randomized 
trial reported by Whelan et al[15] demonstrated that HFRT 
was not inferior to standard radiation treatment in pa-
tients who had undergone breast-conserving surgery for 
good prognosis breast cancer. Authors found no increase 
in skin and subcutaneous toxic effects in patients who 
received accelerated HFRT as compared with those who 
received the standard regimen. However, since elderly 
patients are also most likely to receive AI, it would also 
be clinically relevant to determine whether concurrent 
HFRT and AI might increase toxicity. Our study is the 
first to assess the safety of  AI therapy concurrently with 
HFRT.

MATERIALS AND METHODS
Patients’ characteristics
We retrospectively reviewed the clinical records of  66 
consecutive breast cancer patients who were treated at 
the Institut Curie, Paris, France, from November 1999 
to October 2007 for breast HFRT concurrently with AI. 
Patients were eligible for analysis only if  they had more 
than 12 mo follow-up after completion of  breast HFRT. 
Patients were treated according to the current protocol 
available in our Institute for women older than 65 years, 
presenting with voluminous or pendulous breasts and 
who wished a breast conservation procedure. Local com-
mittees approved the study design. Only one patient was 
less than 65 years old but she presented with metastatic 

disease and was judged a candidate for HFRT. At first 
presentation, the median age of  the group was 80.5 years 
(range: 56-92 years). For all patients, the diagnosis of  
breast cancer been histologically confirmed by biopsy/
surgery of  the primary lesion. Patients and tumors’ char-
acteristics are reported in Table 1. Regarding associated 
risk factors, the median body mass index was 26 (range: 
16-45), seven patients had type 2 diabetes mellitus, and 
six patients had active tobacco use.

Treatments’ characteristics
Breast conservative surgery (BCS) �� ��������������������  ±���������������������    axillary lymph node 
dissections were performed in 35 patients (53.0%). All 
of  them had received neoadjuvant endocrine therapy, 
median duration 6 mo (range: 1-12 mo). The remaining 
patients were not candidates for surgery, due to poor 
performance status. Following surgery (or following his-
tological confirmation of  the diagnosis in patients who 
had no surgery), AIs were administered daily and was 
planned for 5 years, either letrozole 2.5 mg daily (n = 16) 
or anastrozole 1 mg daily (n = 47), or exemestane 25 mg 
daily (n = 3). Although concurrent endocrine and HFRT 
was not in our current protocol in 1999-2007, all patients 
received breast HFRT and concurrent AI because they 
were referred to our department after having initiated AI 
therapy, which was not discontinued for HFRT.

HFRT was delivered according to the recommenda-
tions of  the International Commission on Radiation Units 
and Measurements report 50 using a high-energy linear 

Characteristics

Number of patients         66
Median age in years (range)      80 (56-92)
Stage, n (%) 
   Ⅰ    28 (42.4)
   Ⅱ    23 (34.8)
   Ⅲ 10 (18)
   Ⅳ 5 (5)
Histological type, n (%)
   Invasive ductal carcinoma    54 (81.8)
   Invasive lobular carcinoma    11 (16.6)
   Other histology    1 (1.6)
Grade, n (%)
   1    15 (22.7)
   2    38 (57.6)
   3    11 (16.6)
   NR    2 (3.1)
Mitotic index, n (%)
   Low    42 (63.6)
   Intermediate    11 (16.7)
   High      7 (10.6)
   NR    6 (9.1)
Expression of endocrine receptors, % (median)
   ER      100 (60-100)
   PgR       100 (60–100)
HER2 status, n (%)
   Positive    11 (16.6)
   Negative    55 (83.4)

Table 1  Patients’ and tumors’ characteristics

ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; 
n: Number of patients; PgR: Progesterone receptor; NR: Not reported..
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accelerator or a Cobalt unit[16]. In 63 patients (95.5%), 
HFRT delivered a total dose of  32.5 Gy to the whole 
breast within 5 wk (five fractions, one fraction per week). 
Other fractionations were chosen in three patients because 
of  patients’ personal convenience. A subsequent boost to 
the tumor bed was delivered in 35 patients (53.0%) either 
because of  risk factors for local relapse following BCS or 
in the setting of  exclusive HFRT (Table 2). Axillary lymph 
node or supraclavicular HFRT could be delivered as 5 
weekly fractions of  5.5 Gy in the case of  clinical or patho-
logical lymph node involvement. Internal mammary chain 
(IMC) irradiation was not delivered. A standard technique 
was used with the patient either in lateral decubitus posi-
tion (n = 63, 95.4 %) or in dorsal decubitus (n = 3). Treat-
ment characteristics are detailed in Table 2.

Assessment
Weekly examination was performed during HFRT, then 
every 6 mo after HFRT completion. Local symptomatic 
therapies could be delivered, at the discretion of  the 
radiation oncologist. Acute skin toxicities were scored 
according to the Common Toxicity Criteria for Adverse 

Events v3. Late skin toxicity was defined as any skin tox-
icity occurring more than 6 mo after completion HFRT 
and was scored according to the Late Effects Normal 
Tissue Task Force-Subjective, Objective, Management 
and Analytic scale[17]. For both acute and late toxicity, the 
maximal skin reaction was assessed independent of  the 
location within the irradiated breast. Our retrospective 
design did not allow a thorough assessment of  cardiac or 
lung toxicity, but most patients were treated in the lateral 
decubitus position. We previously reported that very low 
doses are delivered to the underlying lung and heart us-
ing this technique[18]. Moreover, no IMC irradiation was 
delivered for minimizing the doses to the heart.

RESULTS
At the end of  the HFRT course, acute toxicity was low in 
most patients. Nineteen patients (28.8%) experienced no 
toxicity. Acute grade 1 epithelitis was observed in 38 pa-
tients (57.6%). Eight patients (12.1%) developed grade 2 
epithelitis. One grade 3 skin toxicity (1.5%) was observed. 
No grade 4 or greater acute skin toxicity was observed. 
Median delay between HFRT initiating and first skin 
reaction was 28 d (range: 13-50 d). Median dose to first 
skin reaction was 31.25 Gy (range: 13-45.5 Gy). No treat-
ment disruption was necessary and no clinical acute lung 
or cardiac toxicity was reported.

With a median follow-up of  34 mo (range: 12-94 mo), 
31 patients (47%) had no delayed skin or subcutaneous 
toxicity, and 35 patients (53%) presented with grade 1-2 
fibrosis. No grade 3 or greater delayed skin toxicity was 
observed. Figure 1 shows the probability of  developing 
late skin sequelae according to the time delay after breast 
HFRT. No irradiation-related cardiac or pulmonary de-
layed toxicity was reported. A multivariate analysis was 
performed for determining whether fractionation, sur-
gery, or boost delivery could impact on the probability of  
developing acute or late skin reaction. No significant rela-
tion was found between these factors and the cosmetic 
outcome. Similarly, acute and long-term grade 1 and 2 
skin toxicity did not differ among different AIs. Acute 
and late skin toxicity data are summarized in Table 3.

Treatments n  (%)

Surgery
   Surgery
      Yes (BCS)  35 (53.0)1

      No 31 (47.0)
   Axillary LND
      Yes 17 (25.8)
      No 49 (74.2)
   Sentinel LN
      Yes 20 (30.3)
      No 46 (69.7)
Aromatase inhibitor
   Letrozole 16 (24.2)
   Anastrozole 47 (71.2)
   Exemestane 3 (4.6)
RT
   Position
      Lateral decubitus 63 (95.4)
      Dorsal decubitus 3 (4.6)
   Source
      Cobalt 60 57 (86.3)
      RX 4 MV   8 (12.2)
      RX 6 MV 1 (1.5)
   Volume
      Whole breast 66 (100)
      Axillary LN 4 (6.1)
      Susclavicular LN 3 (4.5)
      Boost       35 (4.5)
   Protocol for the whole breast
      5 fractions of 6.5 Gy       63 (95)
      Other fractionation         3 (5)
   Protocol for the boost
      2 fractions of 6.5 Gy       28 (42.4)
      1 fraction of 6.5 Gy 5 (7.5)
      Other fractionation         2 (3)
      Median duration in days (range)       29 (25-52)

Table 2  Treatment characteristics

1Including five patients with neoadjuvant endocrine therapy. BCS: Breast 
conservative surgery; LN: Lymph node; LND: Lymph node dissection; RT: 
Radiation therapy.

Figure 1  Evolution of the probability of presenting fibrosis according to 
the time delays after hypofractionated radiotherapy. HFRT: Hypofraction-
ated radiotherapy.
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Seventeen patients (25.5%) discontinued endocrine 
therapy before completion of  treatment for 5 years. Rea-
sons for endocrine therapy discontinuation are detailed in 
Table 4.

DISCUSSION
There is clinical evidence that 5 years of  adjuvant AI 
anastrozole improves recurrence-free survival in post-
menopausal early breast cancer patients. Results from the 
ATAC trial demonstrated that recurrence rates remained 
significantly lower on anastrozole compared with tamoxi-
fen [HR 0.75 (0.61-0.94), P = 0.01][19]. As a matter of  
fact, AI therapy inhibits the aromatase enzyme function 
and prevents the conversion of  androgens to estrogens. 
AI therapy has logically become standard adjuvant ther-
apy for postmenopausal women with hormone receptor 
positive cancers. However, most breast cancer patients 
also receive adjuvant breast or chest well RT. Up till now, 
there has been little data available on the rationale for 
concomitant use of  AI in adjuvant RT settings.

The optimal sequence for adjuvant endocrine therapy 
and RT represents a challenge for the clinician[20]. In vitro 
results by Azria et al[10] demonstrated that letrozole sensi-
tizes breast cancer cells to radiation doses ranging from 0 
to 4 Gy. Their results suggested possible additive effects 
for the combined treatment, supporting concurrent use 
of  AI and RT in postsurgical settings for more clinical 
efficacy. Although this increased sensitivity might theo-
retically translate into greater toxicity, most data from lit-
erature suggest that AI could be safely given concurrently 
with normofractionated RT.

We have already reported that hormone therapy and 
RT could be given concurrently to post-menopausal pa-
tients with both good efficacy (57% partial responses, 
24% partial response and 21% stable disease) and accept-
able tolerance[21]. However, only 10% patients had re-
ceived AI[21]. Ishitobi et al[11] assessed the optimal sequence 
of  adjuvant AI and RT. They compared concurrent vs 
sequential treatment for patients with hormone receptor-
positive breast cancer treated with BCS. At a median 

follow-up of  2.9 years, authors found no difference in the 
breast cancer outcomes and treatment-related complica-
tions between the two treatment groups. These retro-
spective results suggested that both concurrent and se-
quential use of  normofractionated postoperative RT and 
adjuvant AI therapy were feasible in terms of  the breast 
cancer outcomes and toxicity[11]. Finally, the safety of  AI 
and concurrent adjuvant radiotherapy was prospectively 
confirmed by the CO-HO-RT study. In this randomized 
phase Ⅱ study, Azria et al[12] found no increase in skin tox-
icity in breast cancer patients receiving letrozole and con-
current normofractionated breast radiotherapy, delivering 
2 Gy per daily fraction. Of  importance, concurrent AI 
did not influence the efficacy of  irradiation at a median 
follow-up of  26 mo.

HFRT could be safe and could be used in post meno-
pausal and or in elderly patients with good local control 
and acceptable toxicity[13,15]. In some cases these patients 
are already being treated with IA and the interruption of  
this treatment is, in some cases, a problem. Therefore the 
question being asked is interesting and the same time im-
portant for everyday practice. While HFRT alone might 
theoretically increase skin toxicity, no data has been previ-
ously reported on AI and concurrent HFRT. Since elderly 
patients are likely to receive concurrent AI, it is also clini-
cally relevant to determine whether concurrent HFRT 
and AI could increase toxicity. We found that this as-
sociation was well tolerated. All skin toxicities were mild 
to moderate and no treatment disruption was necessary. 
Multiple known factors influence the severity of  acute 
and late reactions, for example the total dose, beam en-
ergy, breast volume, observation time, or type of  surgery. 
Our study population was quite heterogeneous in regard 
to these factors: 53% of  the patients received a boost, 
53% underwent surgery, which may significantly influence 
the severity of  fibrosis compared to patients without sur-
gery, 86% of  patients were treated with cobalt units, and 
finally, different AIs were used. We failed to evidence any 
significant relation between all these factors and the risk 
of  skin toxicity, but our patients’ population was prob-
ably insufficient for such analysis. Although biased by 
retrospective analysis and limits inherent to the study de-
sign, we found that AI could be safely administered con-
currently with HFRT. In the prospective trial by Whelan 
et al[15], 77.9% of  patients had an excellent or good global 
cosmetic outcome. The results presented here are rather 
comparable for cosmetic outcome. In their prospective 
trial, the authors reported that poor cosmetic outcome 

Table 3  Skin toxicity 

Skin toxicity n  (%)

Acute toxicity
   Grade 0    19 (28.8)
   Grade 1    38 (57.6)
   Grade 2      8 (12.1)
   Grade 3    1 (1.5)
   Grade 4 0 (0)
Long-term toxicity
   Grade 0    31 (47.0)
   Grade 1-2    35 (53.0)
   Grade 3-4 0 (0)

Acute toxicity is scored according to the Common Toxicity Criteria for 
Adverse Events v3; long-term toxicity is scored according to the Late 
Effects Normal Tissue Task Force-Subjective, Objective, Management and 
Analytic scale.

Table 4  Reasons for discontinuating aromatase inhibitors 
therapy prior to 5 yr adjuvant therapy

Reasons for discontinuation n  (%)

Thromboembolic event 4 (6.0)
Progression 3 (4.5)
Patient death 5 (7.5)
Clinical intolerance 5 (7.5) 
Total discontinuations 17 (25.5)
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was reported in only 1.6% of  patients. Although any in-
direct comparison is debatable, we observed no grade 3 
or greater late skin toxicity when combining HFRT with 
AIs. Good tolerance could be obtained using techniques 
adapted to be less toxic and adapted to patients’ anatomy 
as previously reported[18]. This report was not designed 
for assessment of  potential cardiac or lung toxicity, but 
our patients were treated in the lateral decubitus position. 
This technique provides several advantages over more 
conventional techniques, including total avoidance of  car-
diac and/or lung irradiation[18]. However, cardiac toxicity 
may be associated with exposure to radiation doses lower 
than 4 Gy, suggesting that the theoretical risk of  cardiac 
toxicity should not be underestimated in the setting of  
adjuvant HFRT[22]. Obviously, our study is limited by bi-
ases inherent to the retrospective nature of  the analysis. 
Prospective confirmation will be mandatory.

We found that AI was well tolerated concurrently with 
HFRT. All toxicities were mild to moderate, and no treat-
ment disruption was necessary. Although retrospective, 
our study suggests that AI could be given concurrently 
with HFRT in postmenopausal breast cancer patients 
without jeopardizing the cosmetic results. Confirmatory 
prospective assessments are, however, warranted before 
translating these results into clinical practice.
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Abstract
AIM: To compare different multidetector computed 
tomography (MDCT) protocols to optimize pancreatic 
contrast enhancement. 

METHODS: Forty consecutive patients underwent 
contrast-enhanced biphasic MDCT (arterial and portal-
venous phase) using a 64-slice MDCT. In 20 patients, 
the scan protocol was adapted from a previously used 
40-channel MDCT scanner with arterial phase scan-
ning initiated 11.1 s�����������������������     ���� �� ���� ����������������������    ���� �� ����after a threshold of 150 HU was 
reached in the descending aorta, using automatic bolus 
tracking (Protocol 1). The 11.1-s delay was changed 
to 15� �� ��� ���� ������ ��� ��������� ����� ������� ��� �������� �� ��� ���� ������ ��� ��������� ����� ������� ��� ��������s in the other 20 patients to reflect the shorter 
scanning times on the 64-channel MDCT compared to 
the previous 40-channel system (Protocol 2). HU values 
were measured in the head and tail of the pancreas in 
the arterial and portal-venous phase. 

RESULTS: Using an 11.1-s delay, 74.2 HU (head) were 
measured on average in the arterial phase and 111.2 
HU (head) were measured using a 15-s delay (P  < 

0.0001). For the pancreatic tail, the average attenua-
tion level was 76.73 HU (11.1��������   ������� �� �������  �������  ������� �� ������� s) and 99.89 HU (15����  ���s) 
respectively (P  = 0.0002). HU values were also signifi-
cantly higher in the portal-venous phase [pancreatic 
head: 70.5 HU (11.1����  ���s) vs  84.0 HU (15 s) (P  = 0.0014); 
pancreatic tail: 67.45 HU (11.1 s) and 77.18 HU (15 s) 
using Protocol 2 (P  = 0��������.�������0071)].

CONCLUSION: Sixty-four MDCT may yield a higher con
trast in pancreatic study with (appropriate) optimization 
of scan delay time.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Contrast-enhanced ���������������� ��������� ���������multidetector computed tomography 
(MDCT) ���� ����������� �������� ��� ������� ���������� �����for pancreatic imaging is widely accepted, espe-
cially for detection and preoperative staging of  pancreatic 
adenocarcinoma, as well as for diagnosis and follow-up 
examinations of  patients with pancreatitis. Scanning pro-
tocols are usually multiphasic with acquirement of  arte-
rial and portal-venous phases of  contrast material (CM) 
enhancement.

Several studies[1-3] have been conducted to evaluate the 
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appropriate scan timing to achieve optimal CM enhance-
ment. To the best of  our knowledge, the data published 
to date have evaluated CM enhancement of  pancreatic 
parenchyma with scan protocols for MDCT scanners 
with up to 16 detector rows. The purpose of  our study 
was to compare different MDCT protocols for a 64-slice 
MDCT scanner to achieve a better pancreatic contrast 
enhancement protocol.

MATERIALS AND METHODS
Forty consecutive patients underwent biphasic pancreatic 
examination with a 64-channel MDCT (Brilliance 64; 
Philips Medizin-Systeme, Hamburg, Germany). The pa-
tient group consisted of  22 female and 18 male patients, 
aged 36-92 years, with a mean age of  68.8 years. Indica-
tions for abdominal CT were as follows: follow-up after 
abdominal tumor [gastrointestinal stromal tumor (GIST): 
n = 10; cholangiocellular carcinoma (CCC): n = 12]; ex-
clusion of  abdominal tumor (CCC: n = 5; GIST: n = 1, 
carcinoid: n = 1); exclusion of  gastrointestinal bleeding: 
n = 6; exclusion of  pancreatitis: n = 2; exclusion of  intra-
ductal papillary neoplasia: n = 3. 

Written consent was obtained from each patient or 
patient’s legal representative before CT examination. ���Ex-
clusion criteria included general contraindications for CT 
including pregnancy and allergy to CM, as well as known 
pancreatic tumor and pancreatitis.

Arterial and portal-venous phase images were obtained 
after intravenous administration of  CM (400 mg/mL 
iomeprol, Imeron 400; Bracco, Milano, Italy) using a 
power injector (Injektron CT2; Medtron AG, Saarbrück-
en, Germany) at a dose of  1.2 mL/kg body weight and a 
rate of  4 mL/s followed by a saline chaser.

In 20 patients, the scan protocol was adapted from a 
previously used 40-channel MDCT scanner with arterial 
phase scanning initiated 11.1 s after a threshold of  150 HU 
was reached in the descending aorta using automatic bolus 
tracking (Protocol 1). The delay was changed to 15 s in the 
other 20 patients to reflect the shorter scanning times 
on the 64-channel MDCT compared to the previous 
40-channel system (Protocol 2). The delay of  the portal-
venous phase acquisition was set to 60 s after onset of  
arterial phase. For all scans, the scanner parameters were 
set as follows: arterial phase (120 kv, 200-300 mAs, col-
limation 64 × 0.625, pitch: 0.9, reconstructed slice thick-
ness: 0.8 mm), portal-venous phase (120 kv, 180-250 mAs, 
collimation 64 × 0.625, pitch: 0.9, reconstructed slice 
thickness: 2 mm). CT images were reviewed digitally on a 
dedicated PACS workstation (Impax 4.5; AGFA Health-
care, Köln, Germany). Attenuation levels were measured 
in the head and tail of  the pancreas in the arterial and por-
tal-venous phase by an attending radiologist with 8 years 
of  experience in reading abdominal CT. The size of  the 
measurement region ranged from 0.45 to 0.55 cm2. Focal 
lesions within the pancreatic tissue were excluded from 
measurement areas. The differences between the groups 
were investigated by an exploratory unpaired t test. P < 
0.01 was considered statistically significant.

RESULTS
In the arterial phase, the mean attenuation level in the pan-
creatic head was 74.2 ± 14.3 (mean ± SD) HU using the 
11.1-s delay compared to 111.2 ± 19.9 HU with scan Pro-
tocol 2 (P = 0.0001). Attenuation levels ranged from 49.8 
to 98.1 HU (11.1 s) and 81.3 to 148.4 HU (15 s). Attenu-
ation measured in the pancreatic tail parenchyma ranged 
from 54.5 to 98.8 HU (11.1 s) and 73.0 to 139.9 (Protocol 2) 
with an average parenchymal attenuation level of  76.73 ± 
13.8 HU (11.1 s) and 99.89 ± 20.6 HU (15 s) (P = 0.0002). 

HU values were also significantly higher (P = 0.0014) 
in the pancreatic head using the longer scan delay (Figu
re 1). Mean attenuation levels were 70.5 ± 11.3 HU (11.1 
s) vs 84.0 HU (15 s). Contrast density within the pancreatic 
head ranged from 49.5 to 91.6 HU (Protocol 1) and 63.0 to 
111.9 HU (15 s). In the pancreatic tail parenchyma, the av-
erage enhancement was 67.45 ± 7.7 HU (11.1 s) compared 
to 77.18 ± 13.2 HU (15 s) using Protocol 2 (P = 0.0071). 
The range of  attenuation in the pancreatic tail was 
51.1-83.2 HU (11.s) and 53.6-100.2 HU (15 s). Figure 2 
give examples of  attenuation levels of  pancreatic paren-
chyma in arterial-phase imaging with a 15-s scan delay��.� 

DISCUSSION
MDCT is an excellent tool for diagnostic work-up of  
patients with pancreatic diseases, especially of  patients 
suffering from pancreatic tumors. The role of  CT in the 
assessment of  pancreatic diseases has gained more im-
pact since multi-channel CT became widely available[4]. 

Bae[5] investigated the peak aortic contrast enhance-
ment in a porcine model in 2003 and showed a linear 
increase in enhancement with duration of  CM injec-
tion. Since then, examination protocols and scan delay 
have been subject to several studies. In 2001, McNulty 
et al[6] demonstrated for a four-channel MDCT that the 
mean attenuation level of  normal pancreatic parenchyma 
was higher in the pancreatic parenchymal phase than 
in arterial or portal-venous phase imaging. The mean 
CM enhancement was 122 compared to 70 and 109 HU, 
respectively. The delay for the pancreatic parenchymal 
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phase was 35 s after the onset of  CM injection. In 2006, 
Goshima et al[7] examined the enhancement of  pancreatic 
tissue with scan delays ranging from 25 to 80 s after injec-
tion of  CM, with a fixed duration of  30 s. The CT scan-
ner used in this study was an eight-channel MDCT. The 
peak enhancement was obtained after a 40-s delay with 
intense attenuation levels of  pancreatic parenchyma rang-
ing from 82.1 to 85.2 HU with delays of  35-45 s. Kondo 
et al[8] published data for eight-channel MDCT pancreatic 
imaging showing the most intensive enhancement of  the 
pancreatic parenchyma 15-20 s after triggering of  bolus 
tracking with attenuation levels of  84-85 HU. Ichikawa 
et al[9] reported a delay of  40 s after injection of  CM for 
the pancreatic parenchymal phase. Images were acquired 
with a 16-channel MDCT scanner after administration of  
100 mL CM. Horton et al[10] described a scan protocol for 
a 64-channel MDCT scanner in an educational exhibit on 
MDCT appearance of  pancreatic islet cell tumors.

In our study, we found significant differences in at-
tenuation levels of  pancreatic parenchyma between the 
scan protocols with an 11-s vs 15-s delay for the start of  
the arterial phase. HU values in the portal-venous phase 
were also significantly higher using Protocol 2 instead of  
Protocol 1. Our findings suggest that higher pancreatic 
parenchymal attenuation and therefore increased tumor-
to-pancreas contrast can be obtained by optimizing scan 
protocols when using faster MDCT scanners.

One of  the limitations of  our study was the relatively 
small number of  40 patients and the fact that we only 
used one manufacturer’s 64-channel MDCT scanner. The 
attenuation levels of  pancreatic parenchyma may differ 
with different types of  MDCT generations or scanners. 
Birnbaum et al[11] assessed intra- and interscanner variabil-
ity using an anthropomorphic body CT phantom, show-
ing that there are significant differences of  CT attenuation 
levels between different MDCT scanner generations as 
well as between different manufacturers’ scanners. Further 
studies should investigate the influence of  scan delays for 
pancreatic imaging with different manufacturer’s scanners.

Sixty-four MDCT may achieve higher contrast in 
pancreatic studies, with appropriate optimization of  scan 
delay time.

COMMENTS
Background
Scanning protocols for pancreatic imaging with multidetector row computed 
tomography (MDCT) are usually multiphasic with acquisition of arterial and 
portal-venous phases of contrast material (CM) enhancement. Due to the faster 
scanning speed, a redesign of scanning protocols is required.
Research frontiers
Pancreatic parenchyma can contain benign or malignant lesions that should 
be classified by pancreatic imaging in order to prevent unnecessary opera-
tions. Achievement of optimal CM enhancement is mandatory for evaluation of 
pancreatic lesions. CT scanners of newer generations consist of more detector 
rows, allowing faster scanning of patients and thinner imaging slices.
Innovations and breakthroughs
Optimized contrast between normal pancreatic parenchyma and pathological 
changes can be achieved by adaptation of examination protocols to the faster 
scanning speed of MDCT.���������������������������������������������������         ��������������������������������������������������       Data published to date evaluate CM enhancement of 
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that higher pancreatic parenchymal attenuation and therefore increased tumor-
to-pancreas contrast can be obtained by optimizing scan protocols when using 
faster MDCT scanners.
Applications
The study results suggest that 64 MDCT may achieve higher contrast in pan-
creatic studies with appropriate optimization of scan delay time. This may help 
to optimize pancreatic imaging. 
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Abstract
AIM: To assess the feasibility/accuracy of a commercial 
handheld device in the context of increased demand for 
point-of-care serum creatinine (SCr) determination.

METHODS: In this institutional review board-approved, 
prospective study, 401 patients referred for contrast-
enhanced computed tomography were included at two 
centres. Capillary (c)SCr was determined using two 
devices A+B and venous (v)SCr was determined in the 
centre’s laboratory. Method comparison statistics for 
both centres and for vSCr<>1.2 mg/dL, receiver oper-

ating characteristic  analysis, negative predictive values 
(NPV), sensitivity and specificity were calculated pre-/
post-curve offset correction with vSCr.

RESULTS: Pearson’s coefficients for cSCr vs  vSCr were: 
centre 1-A:0.93/B:0.92; centre 2-A:0.85/B:0.82 (all P 
< 0.0001). Overall correlation was better for vSCr > 
1.2 mg/dL. The area under the receiver operating char-
acteristic curves showed a high accuracy for cSCr, but 
the device underestimated SCr, which was confirmed 
by Bland-Altman plot. Addition of the offset correction 
factor to the original data from centre 1 resulted in an 
improvement in sensitivity for detecting patients at risk 
(> 1.2 mg/dL), whilst maintaining acceptable specificity 
and improving NPV.

CONCLUSION: This study showed the feasibility of SCr 
determination using the evaluated handheld device in a 
routine clinical setting. The device showed high sensi-
tivity and high NPV, but may significantly underestimate 
SCr without offset correction to local laboratories.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Contrast-medium-induced nephropathy (CIN)[1] and 
nephrogenic systemic fibrosis (NSF)[2] are two potentially 
life-threatening complications of  iodinated contrast agents 
and gadolinium-based contrast agents (GBCA), respec-
tively, which have attracted increasing attention over the 
last few years. In particular, patients with impaired renal 
function are at a high risk of  developing CIN or NSF. 
Serum creatinine (SCr) is an important surrogate param-
eter for renal function and thus offers an opportunity for 
risk stratification by detecting patients at risk. The new 
European Medicines Agency guidelines also require man-
datory SCr testing for some GBCA[3].

CIN occurs, especially in patients with heavily im-
paired renal function, after the application of  iodinated 
contrast agents, e.g., in computed tomography (CT) or 
catheter angiography and leads to a significant increase in 
mortality and morbidity[4]. CIN is defined as a temporary 
percentage increase in SCr of  more than 25% or as an 
absolute increase in SCr of  more than 0.5 mg/dL in the 
first 24 h and up to 5 d after contrast medium applica-
tion. The incidence of  CIN in the general population is 
estimated to be 1%-2%, whereas up to 70% of  patients 
with severe chronic kidney disease are at risk of  develop-
ing clinically significant CIN[5]. A direct relationship with 
increased length of  hospitalisation, cost and long-term 
morbidity has been reported. For those patients who re-
quire dialysis, a 30% in-hospital mortality rate and 80% 
2-year mortality rate can be expected[6]. The first step in 
the prevention of  CIN is therefore to identify patients at 
risk.

NSF is a rare systemic fibrosing disorder that was 
first described in the literature in 2000[2]. Currently, there 
are at least 500 recorded cases worldwide. The first cases 
were observed in 1997. Occurring almost exclusively in 
patients with heavily impaired renal function, NSF shows 
a very heterogeneous clinical appearance ranging from 
indurations of  the skin as a hallmark of  the disease to 
rare and potentially fatal cardiac fibrosis[7,8]. The reported 
24-mo mortality rate of  NSF was found to be between 
20% and 48%. A causative relationship between GBCA 
and NSF has not been proven but seems likely at this 
time[9]. There is no consistent successful treatment for 
NSF.

Consequently, the determination of  renal function 
before contrast-enhanced CT or magnetic resonance im-
aging (MRI) examinations or interventions is mandatory. 
A surrogate parameter for renal function in widespread 
use is SCr in conjunction with the modification of  diet 
in renal disease (MDRD) formula to assess the estimated 
glomerular filtration rate (eGFR)[10]. Clinical laboratories 
can provide SCr values within approximately one hour, 
which is sufficient for scheduled examinations, e.g., in-
patients, but insufficient for outpatients and emergency 
patients. Furthermore, routine blood sampling from 
outpatients seems inappropriate due to invasiveness, 
disruption of  the workflow, waiting time and additional 
expense. The immediate availability of  SCr values for pa-

tients in radiology with a non-specific history concerning 
potentially impaired renal function should foster patient 
safety and an improved workflow in radiology. Recently, 
a new handheld device for the determination of  SCr and 
estimation of  the eGFR, called StatSensor™ Creatinine 
(NovaBiomedical, Waltham, MA, United States) has be-
come commercially available[11,12]. The aim of  this study 
was to assess the feasibility of  its broad clinical applica-
tion in a radiology department and the accuracy of  SCr 
measurements and estimation of  the GFR in daily point-
of-care testing compared with standard laboratory diag-
nostics.

MATERIALS AND METHODS
Ethic statement and patients
After approval of  the local Institutional Review Board 
and informed written consent was obtained, 401 con-
secutive patients scheduled for contrast-enhanced CT 
were included in this prospective study performed at two 
large university hospitals: the Institute of  Clinical Radiol-
ogy and Nuclear Medicine, University Medical Centre 
Mannheim (referred to as centre 1) and the Institute of  
Clinical Radiology-Grosshadern, Munich (referred to 
as centre 2). Two hundred and one consecutive patients 
were included in centre 1 (127 male, 74 female; mean age 
= 62 ± 15 years; mean weight = 77.3 ± 18.1 kg) and 200 
consecutive patients were included in centre 2 (127 male, 
73 female, mean age = 62 ± 13 years; mean weight = 
77.7 ± 14.9 kg).

Blood sampling
For the purpose of  the determination and comparison 
of  SCr values, three different SCr measurements were 
performed for each patient: two capillary (cSCr - StatSen-
sor™) and one venous blood sample (vSCr - laboratory 
reference). The capillary blood (3-6 μL) was obtained by 
a small lancet puncture in the fingertip. The two capillary 
samples were performed as point-of-care testing, using 
two different handheld StatSensor™ devices (referred to 
as A and B) in each study centre, to allow measurement 
of  interdevice agreement. As the patients already had 
venous access for GBCA administration, this access was 
used to draw blood for the venous blood sample (5 mL). 
SCr of  the venous blood samples (vSCr) was determined 
by the local hospital laboratory. 

Methods of creatinine determination and correction
The laboratory gold standard for SCr measurement is the 
Jaffé method, a colorimetric assay, which measures the 
reaction between creatinine and picric acid and can be 
accomplished using commercially available autoanalysers. 
The laboratories at the study centres were equipped with 
the following autoanalysers based on a device-specific 
modified Jaffé method: Siemens Dimension RXL (Sie-
mens Healthcare, Erlangen, Germany) at centre 1 and 
Olympus AU2700 (Olympus, Tokio, Japan) at centre 2.

The technology of  the creatinine handheld device is 
based on a different, enzymatic amperometric pathway: 
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first creatinine is hydrolysed in creatine (catalysed by the 
enzyme creatinine amidohydrolase) and then hydrolysed 
to sarcosine (catalysed by amidinohydrolase). The oxida-
tion of  sarcosine (catalysed by sarcosine oxidase) produc-
es hydrogen peroxide which oxidises the terminal indica-
tor (Fe3+) at the working electrode to produce a current. 
This current, measured electrochemically, is proportional 
to the creatinine concentration in the sample. This meth-
od was standardised by Nova Biomedical against a labo-
ratory enzymatic method (Vitros Kodak DT60; Ortho-
Clinical Diagnostics, Rochester, NY, United States)[13]. 
The handheld device (360 g, 15.3 mm �� ��������  �� ���×���������   �� ��� 82.5 mm �� ���×����  46 
mm; Nova Biomedical, Boston, MA, United States) al-
lows the measurement of  SCr level within a range of  
0.3-12 mg/dL and calculation of  the GFR in about 30 s. 
Therefore, a small capillary blood sample of  a few micro-
litres is sufficient.

Because of  the lack of  standardisation between the 
methodologies for creatinine determination in the labo-
ratories and the thereby likely bias of  the results, a re-
evaluation of  the obtained data was planned for centre 1. 
To evaluate, and if  applicable, correct this bias a follow-
up assessment was undertaken to calculate and imple-
ment a curve offset for the handheld device in order to 
standardise with the Siemens Dimension RXL used in 
the clinical laboratory at centre 1. Therefore, a method 
correlation and curve offset were calculated using the 
original data from centre 1 generated from the patient 
evaluation. The curve offset implemented was then added 
as a correction factor to the original data and the data re-
analysed.

Statistical analysis
For statistical analyses, SAS 9.1 (Cary, NC, United States) 
and Microsoft Excel 2007 (Redmond, WA, United States) 
were used. The normal distribution of  the data was 
confirmed beforehand by a Kolmogorov-Smirnov test. 
Descriptive statistical analyses of  the creatinine determi-
nations were performed including means and standard 
deviations for cSCR, vSCr and the differences. Through-
out the entire analysis, statistical significance was assumed 
at P < 0.05. Further statistical analyses were subdivided 
into different parts. First, the correlations between the 
two determination methods (cSCr vs vSCr) were assessed 
with regard to statistical significance by Pearson’s correla-
tion coefficients (r). Subgroup-wise analyses (stratified by 
centre, creatinine level and gender) were also performed. 
The cut-off  for patients with a normal creatinine level 
was vSCr = 1.2 mg/dL (laboratory reference); higher 
values were considered to indicate renal impairment. Ad-
ditionally, the correlation between cSCr and vSCr was 
assessed by linear regression. The linear regression is pre-
sented figuratively as a scatter plot, regression equation 
and correlation coefficient. Second, the agreement be-
tween the two methods was analysed. Therefore, to visu-
alise the agreement, Bland-Altman plots were performed. 
The Bland-Altman plot shows the deviation between 
the two methods with different SCr levels. The red line 
indicates the average value of  the differences between 

the two methods; the two yellow lines form the 95% 
reference range. Furthermore, paired t-tests and the cor-
responding mean difference confidence interval approach 
were used to assess deviations in the location of  the two 
methods; the test procedure of  Maloney and Rastogi was 
used for comparison of  precision in paired data. Third, to 
estimate the accuracy of  cSCr measured by the handheld 
device, receiver operating characteristics (ROC) analyses 
were performed. Fourth, to test the congruence of  cSCr 
determination between the two handheld devices used 
(A/B), Pearson’s correlation coefficients and the test of  
Maloney and Rastogi were performed. In order to cor-
rect the bias between the two methods, the patient data 
from centre 1 were re-assessed after implementation of  a 
curve offset correction. Slope and y-axis offset correction 
factors were computed. After applying the offset correc-
tion factor, the correlation and agreement between the 
two methods and the agreement between the two devices 
were re-analysed. Finally, before and after implementing 
the curve offset, sensitivity, specificity, positive and nega-
tive predictive values (PPV and NPV) were calculated for 
the cut-off  level of  1.2 mg/dL.

RESULTS
All measurements were performed successfully. The 
means, standard deviations of  cSCr (StatSensor™), vSCr 
(laboratory reference) and the differences between these 
two methods, for the two devices and for both centres be-
fore and after offset correction are summarised in Table 1.  
In a comparison of  the two methods, the handheld de-
vice underestimated SCr compared with the laboratory 
reference in both study centres, which was confirmed by 
the Bland-Altman plot (Figure 1D). In centre 1, the Pear-
son correlation coefficient of  cSCr vs cSCr was higher 
than in centre 2: r = 0.93 for handheld device A (P < 
0.0001) in centre 1, r = 0.92 for handheld device B (P 
< 0.0001) (mean correlation coefficient at centre 1: r = 
0.93), centre 2 r = 0.85 for handheld device A (P < 0.0001) 
and r = 0.82 (P < 0.0001) for handheld device B (mean 
correlation coefficient at centre 2: r = 0.84). The strati-
fication with regard to gender revealed a slightly higher 
correlation for male patients (Table 2). The subgroup-
wise analysis as a mean for both centres for a vSCr > 1.2 
mg/dL showed a better correlation (device A 0.91, P < 
0.0001 and device B 0.90, P < 0.0001) compared with 
vSCr values < 1.2 mg/dL (device A 0.66, P < 0.0001 
and device B 0.59, P < 0.0001). The results of  the linear 
regression corresponded to the Pearson correlation and 
are presented figuratively in Figure 1A for both centres 
and stratified for vSCr >< 1.2 mg/dL (Figure 1B, C). In 
the inter-method agreement, paired tests showed signifi-
cant differences between cSCr and vSCr (P < 0.0001) in 
both centres (Table 2). Furthermore, the comparison of  
the precision of  both methods showed significant differ-
ences (P < 0.0001, Table 1). The AUC values (area under 
the curve) of  the ROC analysis for cSCr (centre 1: 0.915 
(device A), 0.926 (device B) and centre 2: 0.919 [device 
A), 0.911 (device B)] demonstrated a high accuracy. The 
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inter-device agreement in both study centres was excel-
lent (P < 0.0001, Table 1).

Re-assessment of  the data from centre 1 revealed the 

following results. For device A, a slope correction fac-
tor of  1.45 and of  1.46 for device B was calculated. The 
y-axis correction factor was 0.193 (device A) and 0.215 

Table 1  Means, standard deviations, calculated difference between the measured serum creatinine level (mg/dL) using StatSensor™ 
creatinine and the laboratory reference, Pearson's correlation coefficients, paired t -test and Maloney-Rastogi test, subdivided by study 
centre, pre- and post-offset correction

   Centre 1 Centre 2 Mean 
(centre 1 +2)

Pearson correlation 
coefficient

 P  value 
(paired t -test)

P value 
(Maloney-Rastogi-test)

StatSensor™ 
   cSCr Pre offset Device A  0.80 ± 0.34 0.89 ± 0.27 0.85 ± 0.31 Inter-device evaluation (Device A vs B)

Device B  0.81 ± 0.34 0.89 ± 0.26 0.85 ± 0.30 Center 1 = 0.97 Center 1 = 0.404 Center 1 = 0.480
Difference 
between 

Device A vs B

-0.01 ± 0.09 0.00 ± 0.09 Center 2 = 0.95 Center 2 = 0.689 Center 2 = 0.521

Mean 
(Device A + B)

 0.80 ± 0.34 0.89 ± 0.26 0.85 ± 0.31 

Post offset Device A  0.97 ± 0.50      
 Device B  0.96 ± 0.50      

Laboratory 
reference 
   vSCr    0.96 ± 0.42 1.02 ± 0.26 0.99 ± 0.35 Inter-method evaluation (cSCr vs vSCr)
Difference
   cSCr - vSCr Pre offset Mean 

(Device A + B)
-0.16 ± 0.16a -0.14 ± 0.15b -0.15 ± 0.15c      < 0.0001a,b,c     < 0.0001a,c;

     0.9962b

Device A -0.16 ± 0.16 0.93 < 0.0001 < 0.0001
Device B -0.15 ± 0.17 0.92 < 0.0001 < 0.0001

Post offset Device A  0.01 ± 0.19   0.93   0.638 < 0.0001
  Device B  0.00 ± 0.20   0.92  0.955 < 0.0001

cSCr: Capillary serum creatinine; vSCr: Venous serum creatinine.
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Figure 1  Scatter plots, regression equations and correlation coefficients for the correlation for capillary point-of-care serum creatinine vs venous point-
of-care serum creatinine for both centres (A), for creatinine values below (B) and above (C) the cut-off-level of 1.2 mg/dL (venous point-of-care serum cre-
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centres (D).
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(device B). Consequently, the correlation for vSCr vs cSCr 
for both devices improved after implementation of  the 
offset correction. The regression graph showed an ap-
proximation to the graph with the equation y = x (Figure 
2A, B). After applying the offset correction, no change in 
the correlation coefficient for device A and B (Figure 2A, 
B) was observed, but a minimisation of  the percentage 
bias between the two methods was achieved (Table 3).  
The previous significant differences in the paired t-test 
for the agreement between the two methods were non-

significant after the offset correction (Table 4). No sig-
nificant changes were found for the Pearson correlation 
coefficient and the Maloney-Rastogi testing. Addition of  
the offset correction factor to the original data from cen-
tre 1 resulted in an improvement in the sensitivity (device 
A: 35.48% to 80.65%; device B: 41.94% to 70.97%) for 
detecting patients at risk (> 1.2 mg/dL), whilst maintain-
ing acceptable specificity (device A: 99.41% to 98.26%; 
device B: 99.41% to 94.12%). Furthermore, the NPV 
improved (device A: 89.42% to 96.57%; device B: 90.37% 
to 94.67%).

DISCUSSION
Chronic renal disease is a widespread problem, which 
can lead to potential life-threatening complications 
(CIN/NSF) after the administration of  iodinated con-
trast agents, e.g., in the framework of  CT or cardiology 
procedures and of  GBCA in MRI. Particularly, in emer-
gency and out-patients who often lack available labora-
tory values and clinical history, an estimation of  the 
glomerular filtration rate from SCr level would be help-
ful. In such clinical situations requiring rapid decision-
making based on renal function, a rapid SCr determina-
tion could identify patients at risk and lead to a different 
treatment procedure. For the prevention of  CIN and of  
NSF, the assessment of  renal function is recommended 
or rather mandatory[3,14,15], due to the limited treatment 
options. Our study showed the feasibility of  creatinine 

vSCr (laboratory) vs  cSCr (StatSensor™) Overall

 Device A Device B

Study centre
   Centre 1 0.93 0.92 0.93
   Centre 2 0.85 0.82 0.84
   Overall 0.90 0.88 0.89
Renal function
   vSCr < 1.2 mg/dL 0.66 0.59 0.63
   vSCr > 1.2 mg/dL 0.91 0.90 0.91
Gender
   Male 0.91 0.89 0.90
   Female 0.81 0.78 0.80

Table 2  Pearson's correlation coefficients for creatinine 
values measured using the laboratory reference (venous serum 
creatinine) and StatSensor™ creatinine, subdivided by study 
centre, renal function and gender

cSCr: Capillary serum creatinine; vSCr: Venous serum creatinine.
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Figure 2  Scatter plots, regression equations and correlation coefficients for the correlation for capillary point-of-care serum creatinine vs venous point-
of-care serum creatinine for centres 1 and device A (A) and device B (B), each before and after implementation of the offset correction. C: The Bland-Altman 
plot for the differences between capillary point-of-care serum creatinine (cSCr) and venous point-of-care serum creatinine (vSCr) for centre 1 and device A after curve 
offset correction; D: The Bland-Altman plot for the differences between cSCr vs vSCr for centre 1 and device B after curve offset correction.
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determination using the new handheld device (StatSensor
™) in a routine clinical setting in the radiology depart-
ments of  two large university hospitals. The comparison 
demonstrated a significant correlation between the capil-
lary measurements of  the handheld device StatSensor™ 
and the venous laboratory reference method. In centre 
1, the correlation was slightly higher than in centre 2 (r 
= 0.93 vs r = 0.84), which can potentially be explained 
by the two different laboratory autoanalysers and/or by 
the different handheld devices used. The method cor-
relation in both centres was apparently better for normal 
renal function (vSCr ≥ 1.2 mg/dL; r = 0.91) compared 
with impaired renal function (r = 0.63). This inaccuracy 
for lower SCr values was recently described for the Jaffé 
method[16]. StatSensor™ yielded significantly lower values 
throughout and significant differences were found in the 
agreement between the two methods. Nevertheless, the 
measurements of  the StatSensorc seem to be reliable 
because the inter-device agreement was excellent. After 
implementation of  the curve offset correction, the data 
for centre 1 were re-analysed and showed a significantly 
improved correlation between the two methods. No sta-
tistically significant differences with the paired t-test were 
observed, however, significant differences in the preci-
sion (Maloney and Rastogi-test) remained. In addition 
to minimisation of  bias, the NPV and PPV improved 
and were higher than the laboratory reference. Although 
maintaining high specificity, the curve offset correction 
led to high sensitivity and NPV for patients at risk (> 1.2 
mg/dL). Due to the higher sensitivity and NPV, the dis-
crimination between normal and impaired renal function 
improved. 

To date, only a small number of  studies have evalu-

ated the accuracy of  the new handheld device[11,12,17,18], 
however, similar results have been described, although 
Aumatell et al[17] and Korpi-Steiner et al[18] used an enzy-
matic reference method and venous full blood for Stat-
Sensor™. To our knowledge, our study is the first to use 
a colorimetric reference laboratory method. However, 
negative differences between SCr determinations using 
StatSensor™ compared with the enzymatic laboratory 
reference were also described in our study. Schnabl et al[11]  
also observed a good correlation for whole blood cre-
atinine compared with laboratory plasma measurements 
(r2 = 0.933), but described a negative proportional bias. 
In an in vitro study, high levels of  creatine and urea 
falsely elevated creatinine measurement. The evaluation 
of  StatSensor™ by Shephard et al[12] compared with an 
enzymatic laboratory reference in 100 patients confirmed 
our results of  a statistically significant underestimation 
of  SCr. These authors also used an alignment with the 
laboratory results. They found that for eGFRs above or 
below 60 mL/min, 100% and 87% of  the results, respec-
tively, agreed with the laboratory eGFR (79% and 96% 
post-alignment). Similar to our results, Shephard et al[12] 
concluded that the handheld device will identify most 
patients with an eGFR < 60 mL/min, but there will be 
many false undereGFR results that require laboratory 
validation.

Potential limitations of  this study were, as mentioned 
above, the different autoanalysers used in the two study 
centres, which may partially explain the different results. 
A further problem was the lack of  standardisation be-
tween the methods, which hampered comparability. The 
general limitations of  SCr evaluation (e.g., late rise from 
about 50% renal function) are widely known and are not 
discussed here. The standardisation could be improved 
by calculating the GFR using the MDRD formula[10]. The 
differences between the laboratory reference method and 
the handheld device could be based on the known bias 
of  the colorimetric Jaffé method vs enzymatic methods, 
which result in systematically higher creatinine values 
due to non-creatinine chromogens[19,20]. However, corre-
sponding to this bias it seems to be mandatory to analyse 
potential interfering substances using the StatSensor™ 
in a larger patient population. Furthermore, to achieve a 
higher validity for the decision-making cut-off  range of  
creatinine values, a larger collective should be included 
in a further study. In our study, the number of  patients 
at risk with elevated creatinine values was relatively small 

Table 3  Results of the re-analysed data from centre 1 (n  = 201), shown pre- and post-implementation of the curve offset, 
separated for the two devicespre- and post-offset correction

 Device Slope Intercept (mg/dL) r 2 Mean difference  (mg/dL) 
(method-difference)

STDV of differences 

(method-difference)
% bias

Pre offset A 0.765  0.065 0.870 -0.16 0.16 -15.54
 B 0.745  0.089 0.845 -0.16 0.17 -14.76
Post offset A 1.110 -0.099 0.870  0.01 0.19    0.39
 B 1.088 -0.084 0.845  0.00 0.20   -0.02

The results are given as slope, intercept, mean difference, standard deviation and percentage bias. 

 Device Sensitivity Specificity PPV NPV

Pre offset A 35.48 99.41 91.67 89.42
 B 41.94 99.41 92.86 90.37
Post offset A 80.65 98.26 89.29 95.57
 B 70.97 94.12 68.75 94.67
 Mean (A + B) 77.42 94.71 72.37 95.83

Table 4  Sensitivity, specificity, positive predictive value, 
negative predictive value and mean values for the cut-off value 
of 1.2 mg/dL, of the re-analysed data from centre 1 (n  = 
201), shown pre- and post-implementation of the curve offset, 
separated for the two devices  (%)

PPV: Positive predictive values; NPV: Negative predictive values.
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for adequate evaluation. Finally, the curve offset correc-
tion significantly improved the results, but did not actu-
ally represent the real performance of  the StatSensor™ 
handheld device. 

In conclusion the StatSensor™ seems to be a rapid, 
cost-effective method for the determination of  SCr 
with a high sensitivity and NPV. This could contribute 
to improving the workflow in a radiology department, 
especially in patients with an unknown history of  renal 
diseases. The high sensitivity and NPV predict the dif-
ferentiation between normal vs impaired renal function. 
However, without offset correction to the local specific 
laboratory, StatSensor™ may significantly underestimate 
SCr and should be corrected technically.
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Abstract
Chondroblastoma is a rare benign cartilaginous neo­
plasm of bone. The recurrence rate is high and com­
plications are frequent following open curettage with 
bone grafting which is the standard treatment forchon­
droblastomas. We performed radiofrequency ablation in 
three cases of tibialchondroblastoma using the bipolar 
system. One patient experienced residual pain for which 
repeat ablation was performed. No other complications 
were observed during follow-up. Radiofrequency abla­
tion may offer an effective alternative for the treatment 
of selected cases of chondroblastoma. The lesion char­
acteristics which are likely to influence treatment out­
come and the advantages offered by the bipolar system 
are discussed.
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INTRODUCTION
Chondroblastomas are uncommon bone tumours of  car-
tilaginous origin, accounting for less than 1% of  all pri-
mary bone tumours. They are commonly seen in children 
and young adults, usually before the age of  epiphyseal 
closure and are classically located in the epiphysis and 
apophysis of  long bones[1]. Affected individuals usually 
present with pain and restriction of  movement of  the 
adjacent joint. Surgical curettage with or without bone 
grafting/cementing has been the treatment of  choice for 
chondroblastomas and the risk of  recurrence following 
surgery is high ranging from 10% to 35%[2]. Considering 
the epiphyseal location of  the lesions, the risk of  damage 
to articular cartilage and the growth plate with subse-
quent development of  premature degenerative changes 
and limb shortening, respectively, is high[3].

Due to its minimally invasive nature and high success 
rates, radiofrequency (RF) ablation has become the treat-
ment of  choice for osteoid osteoma and is being increas-
ingly used as palliative treatment for bone metastasis. It 
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is also being evaluated in other benign bone tumours and 
recently, a few studies have described its effectiveness in 
the treatment of  chondroblastomas[3-6]. In this article, we 
report three cases of  chondroblastoma treated using the 
bipolar RF ablation system.

The study was approved by our institutional ethics 
committee. The decision to proceed with RF ablation 
over open surgery was taken in consensus with the or-
thopaedic surgeons taking into account the lesion size, 
location and potential surgical morbidity.

CASE REPORT
Case 1
A 14-year-old male presented with pain in the left knee 
for the past 18 mo which was partially relieved with anal-
gesics. The Visual Analogue Scale (VAS) score was 7. Ra-
diograph and computed tomography (CT) images of  the 
left knee revealed a 1.6 cm �� �������  �� ������������������  ×��������   �� ������������������   1.4 cm �� ������������������  ×�������������������    1.0 cm geographic 
lytic lesion with sclerotic margins in the left tibial epiphy-
sis. There was associated thinning of  the articular bone. 
The growth plate was open and the lesion was abutting 
the physis without breaching it. The lesion was hypoin-
tense on T1W images and heterogeneously hyperintense 
on T2W images with associated bone marrow oedema 
and mild joint effusion. A diagnosis of  chondroblastoma 
was presumed based on the clinical profile and the char-
acteristic location and imaging appearance of  the lesion. 

RF ablation was performed under general anaesthesia 
and CT guidance (Somatom Sensation 40 slice CT scan-
ner, Siemens, Erlangen, Germany). Thin axial sections 
were acquired for precise localisation of  the lesion. An 
11 G bone biopsy needle set (Osteo Site, COOK Medi-
cal, Bloomington, United States) and a hammer were 
used to gain lesion access. An 18 G bipolar RF applicator 
with a 15 mm exposed tip (CelonProSurge Micro, Celon 
AG Medical Instruments, Teltow, Germany) and a bipo-
lar/multipolar RF power generator (CelonLab POWER, 
Celon AG Medical Instruments, Teltow, Germany) were 
used for the ablation procedure. Since a bipolar RF sys-
tem was used, grounding pads were not required for 
heat dispersion. As recommended by the manufacturers, 
pulsed RF energy was applied at a power setting of  5 W 
until a total energy of  0.90 KJ was deposited. As claimed 
by the manufacturers, the RF electrode produced an abla-
tion zone of  approximately 10 mm in diameter. Repeat 
ablation was performed after repositioning the needle so 
as to encompass the entire lesion. No immediate compli-
cations were observed. Analgesics and antibiotics were 
prescribed and the patient was discharged the next day. 
Since the lesion was located along a weight-bearing sur-
face, the patient was instructed to restrain from strenu-
ous/weight-bearing activities for 1-2 mo. A core biopsy 
specimen of  the lesion obtained at the time of  the pro-
cedure showed histopathological features consistent with 
chondroblastoma.

The patient experienced complete pain relief  1-2 d af-
ter the procedure (VAS = 0) and remained asymptomatic 

during the follow-up period (18 mo). Follow-up imaging 
(radiograph and CT) obtained at 6 mo showed increased 
matrix ossification with no significant change in lesion 
size. No delayed complications were observed. The pre-
procedural, procedural and follow-up CT images of  the 
patient are presented in Figure 1.

Case 2
A 12-year-old female presented with severe pain in the 
left knee for the past year (VAS = 8) which was partially 
relieved with analgesics. Plain radiograph and CT images 
of  the left knee showed a geographic lytic lesion with 
sclerotic margins of  approximately 2.5 cm × 2.1 cm × 
2.0 cm in size in the proximal epiphysis of  the left tibia. 
The growth plate was open and breached and the lesion 
extended into the metaphysis. The overlying subchondral 
bone was significantly thinned. A diagnosis of  chon-
droblastoma was presumed considering the clinical and 
imaging presentation which was confirmed histopatho-
logically from the core biopsy specimen obtained during 
the procedure. RF ablation was performed in a similar 
manner to that in case 1 under general anaesthesia using 
an18G RF probe with a 15 mm active tip. A total of  3 
ablations were performed at different needle positions to 
ensure adequate lesion coverage. The patient experienced 
complete pain relief  (VAS = 0) 1-2 d after the procedure 
and remained asymptomatic during follow-up (17 mo). 
No further analgesic intake was required. No complica-
tions were observed. Pre-procedural and procedural im-
ages of  the patient are shown in Figure 2.

Case 3
A 55-year-old female presented with severe pain and re-
striction of  movement of  the right knee joint for the past 
2 years. The pain was increasing in severity over time and 
the VAS score at the time of  presentation was 8. Radio-
graph and CT images of  the right knee showed a 2.5 cm
× 1.5 cm × 1.8 cm geographic lytic lesion with sclerotic 
margins in the proximal epiphysis of  the right tibia. The 
lesion was hypointense on T1W images, homogeneously 
hyperintense on T2W images with associated mild joint 
effusion. There was thinning of  the overlying subchon-
dral bone. Although the age of  the patient was atypical 
for chondroblastoma, the epiphyseal location of  the le-
sion and its typical CT appearance favoured a diagnosis 
of  chondroblastoma over other bone pathologies occur-
ring in this location and RF ablation was chosen as the 
treatment option.

RF ablation was performed in a similar manner to 
that in the previous cases under general anaesthesia us-
ing the 18 G RF probe with a 15 mm exposed tip, and a 
total of  3 ablations were performed to adequately cover 
the lesion. Core biopsy of  the lesion performed during 
the procedure confirmed the diagnosis of  chondroblas-
toma. The patient continued to experience similar pain 
of  reduced intensity (VAS 4-6) following the procedure. 
Follow-up CT imaging showed no obvious change in le-
sion appearance or the development of  complications 
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Figure 1  Chondroblastoma of the left tibia in a 14-year-old male. A, B: Plain radiograph and non-contrast computed tomography (NCCT) axial image show a geo-
graphic lytic lesion with sclerotic margins and foci of matrix calcification in the medial tibial epiphysis; C: NCCT coronal image shows thinning of the subchondral bone 
superiorly (white arrow) and extension of the lesion to thephyseal plate inferiorly (black arrow) which is non-fused; D: Sagittal short-tau inversion-recovery magnetic 
resonance (MR) image showing heterogeneous signal intensity of the lesion with surrounding bone marrow and soft tissue oedema (asterisk); E: Follow-up CT image 
after 6 mo showing increased mineralization of the matrix with no appreciable change in lesion size.
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Figure 2  Chondroblastoma of the left tibia in a 13-year-old female. A, B: Frontal radiograph and axial computed tomography (CT) image of the left knee showing 
a geographic lytic lesion with sclerotic margins (arrow) involving the proximal epiphysis of the tibia; C: Coronal non-contrast computed resonance image showing the 
lesion with thinning of the subchondral bone superiorly (arrow) and extension of the lesion into the metaphysis inferiorly; D: CT image obtained at the time of the pro-
cedure showing the radiofrequency electrode placed in the lesion. Access tracks from a prior biopsy are also seen; E: Follow-up image after 6 mo showing increased 
mineralizaion of the matrix with no appreciable change in lesion size.
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related to the procedure. A diagnosis of  residual disease 
was made, and repeat RFA was carried out. A second RF 
ablation was performed 3 mo after the first procedure in 
a similar manner under general anaesthesia using an18 G 
RF probe with a 15 mm active tip. A total of  3 ablations 
were performed at different needle positions. The pa-
tient experienced complete pain relief  (VAS 0) following 
the procedure. No complications were observed during 
follow-up (21 mo). Follow-up imaging (radiograph and 
CT) performed after the second RF procedure showed 
increased peripheral sclerosis of  the lesion with no obvi-

ous change in lesion size. Procedural and follow-up im-
ages of  the patient are shown in Figure 3.

Patient and procedure details are summarised in Table 1.

DISCUSSION
Chondroblastomas are rare benign cartilaginous tumours 
commonlyoccurring in children and young adults between 
10 and 20 years of  age. They characteristically involve the 
epiphysis and apophysis of  long bones with the proximal 
femur, proximal tibia and proximal humerus being the 

A B C

D E

Figure 3  Chondroblastoma of the right tibia in a 55-year-old female. A: Frontal radiograph of the right knee showing an ill-defined lytic lesion in the proximal 
epiphysis of the right tibia (arrow); B: Unenhanced axial computed tomography (CT) image shows to a better advantage the geographic lytic lesion with sclerotic 
margins. No matrix mineralization is seen; C, D: Axial and coronal short-tau inversion-recovery magnetic resonance image images showing that the lesion is homoge-
neously hyperintense and reaching upto the subarticular region causing thinning of the overlying subchondral bone (arrow); E: Follow-up CT image obtained after the 
second radiofrequency session showing increased peripheral sclerosis of the lesion (arrow) with no significant change in lesion size.   

Table 1  Summary of patient and procedure details

S.No Parameter Patient 1 Patient 2 Patient 3

1 Age/sex 14/M 12/F 55/F
2 Pre-procedure VAS score 7 8 8
3 Location Proximal tibia-Lt Proximal tibia-Lt Proximal tibia-Rt
4 Lesion dimension 1.6 cm x 1.4 cm x 1.0 cm 2.5 cm x 2.1 cm x 2.0 cm 2.5 cm x 1.5 cm x 1.8 cm
5 Sub-chondral bone thinning Present Present Present
6 Growth plate Open-lesion abutting physis Open-breached Closed
7 Number of procedures 1 1 2
8 Number of ablations per procedure 2 3 3
9 Follow-up period 18 mo 17 mo 21 mo
10 Complications None None Recurrence
11 Post procedure VAS 1 wk, 1 mo, 3 mo 2,0,0 0,0,0 4,6,0
12 Post procedure analgesic intake None None None

S. No: Serial Number; VAS: Visual Analogue Scale; M: Male; F: Female.
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most commonly affected sites[7]. They are highly prone 
to recurrence following surgery due to difficult anatomi-
cal locations, inadequate tumour removal, or tumour 
aggressiveness[8]. Surgery is also associated with a risk of  
damage to articular cartilage and physeal plate leading to 
premature degenerative changes and limb length discrepa
ncies,respectively[3,9].

RF ablation is a focal form of  thermal ablation in 
which the deposited energy causes ionic oscillation, fric-
tional heating and coagulation necrosis of  the tissues[10]. 
In the musculoskeletal system, RF ablation is widely used 
in benign bone lesions such as osteoid osteoma and in 
bone metastasis due to high success rates, reduced surgi-
cal risks and early postoperative recovery[11,12]. A few re-
cent studies have proved the effectiveness of  RF ablation 
in the treatment of  selected cases of  chondroblastomas 
and have shown high success rates and minimal associ-
ated complications[3-6]. To the best of  our knowledge, RF 
ablation of  chondroblastomas using bipolar RF applica-
tors has not been reported previously.

The bipolar RF system is considered a safer form 
of  treatment compared to the monopolar system, since 
placement of  grounding pads is eliminated, preclud-
ing the risk of  skin burns. Additionally, the applied RF 
energy is confined to the treatment area in the bipolar 
system in contrast to the monopolarsystem where the 
energy streams out through the body in all directions, 
increasing the body temperature by 1-2 ℃. For the same 
reason, metallic implants are a contraindication to the use 
of  the monopolar system since they may be included in 
the electrical circuit leading to undesirable effects[13]. The 
bipolar system is also considered a more efficient form 
of  treatment than the monopolar system. Since current 
flow is restricted to the probe tip, the bipolar system al-
lows the use of  higher current densities resulting in more 
uniform heating of  tissues and the production of  larger 
volumes of  ablation[14]. Burdío et al[15] and several other 
authors[14,16] have established the precise and uniform na-
ture of  ablation produced by the bipolar system in vivo/
animal studies. This may offer an additional advantage in 
the management of  chondroblastomas, considering their 
critical location close to articular cartilage and joints.

The average size of  the three lesions in the present 
study was 2.2 cm (longest dimension). All three lesions 
were located in weight-bearing surfaces (proximal tibial 
epiphysis) and there was associated thinning of  the sub-
chondral bone in all three patients. Considering the criti-
cal location of  the lesions and the associated subchondral 
bone thinning, there was a risk of  mechanical failure and 
articular surface damage following the procedure. We 
did not experience any complications regarding articular 
surface damage (collapse, osteonecrosis or chondrolysis) 
in the follow-up period. Intact cortical bone is a thermal 
and electrical insulator. Therefore, small chondroblas-
tomas with an intact surrounding shell of  bone carry a 
reduced risk of  collateral thermal damage[4]. However, 
in large lesions, such as those treated in our study with 
expansion and cortical thinning, the insulating properties 

are greatly reduced with a substantial risk for articular 
cartilage damage. We believe that a restricted and precise 
zone of  ablation produced by the bipolar system reduced 
the risk of  collateral damage to surrounding structures. 
However, a larger study with a longer follow-up is re-
quired to confirm this. In the study by Rybak et al[3], the 
largest lesion in the study developed articular collapse 
which they attributed to the presence of  a residual viable 
tumour. In the study by Tins et al[4], two of  the four cases 
developed articular collapse. This was attributed to the 
use of  multi-tined expandable electrodes which produced 
larger volumes of  coagulation and carried an increased 
risk of  damage to the surrounding structures. Large le-
sion size with thinning/breach of  subchondral bone, 
location along a weight-bearing surface and the use of  
probes which produce larger coagulation zones increase 
the risk of  articular surface damage following RF treat-
ment[3].

Petsas et al[5] performed RF ablation of  two large fem-
oral head chondroblastomas (average size 2.7 cm) using 
multi-tined probes followed by apposition of  bone grafts. 
Neither of  the patients developed articular failure since 
the procedures were coupled with bone augmentation 
procedures. Both patients experienced clinical success.

Since chondroblastomas are epiphyseal tumours oc-
curring in the younger population, there is risk of  dam-
age to the physis both during surgery and RF ablation. In 
fact, RF ablation is being evaluated in animal models as 
a method of  producing epiphysiodesis for the treatment 
of  limb length discrepancy and angular deformity[17]. 
Two patients (patients 1 and 2) in our study had an open 
growth plate and one of  them had a physeal breach with 
extension of  the lesion into the metaphysis. We did not 
observe any limb length discrepancy (on physical exami-
nation) during follow-up in either patient (17 and 18 mo). 
However, longer periods of  follow-up are required to 
assess the occurrence of  growth plate damage and limb 
length discrepancy, if  any. The presence of  a rim of  bone 
between the lesion and the physis reduces the risk of  
damage to the physis[3].

One of  our patients (patient 3) experienced residual 
pain following the procedure which was likely due to 
incomplete tumour ablation. Repeat RF ablation was per-
formed after which she was asymptomatic at follow-up. 
Chondroblastomas have a high recurrence rate ranging 
from 10% to 35% following surgery,and cases have been 
reported to recura decade aftersurgery[18]. Hence, a larger 
study with a longer follow-up would be required to assess 
the risk of  recurrence following RF ablation. 

The average VAS score of  the patients before the RF 
procedure was 7.7 (range: 7-8). All three patients experi-
enced complete pain relief  (VAS 0) in the initial few days 
following successful RF treatment requiring no further 
analgesic intake.

To conclude, RF ablation allows successful treatment 
of  small chondroblastomas. Larger lesions carry a risk of  
damage to articular cartilage/growth plate and mechani-
cal failure following RF treatment. The bipolar system 
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may allow treatment of  larger lesions with a relatively 
reduced risk of  damage to surrounding structures com-
pared to the monopolar system. However, a larger study 
with longer follow-up is required to establish the long-
term outcome of  this treatment.
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Abstract
A 56-year-old man presented with a 6-mo history of 
headache. Although neurological and laboratory exami-
nations were normal, computed tomography (CT) scan 
was performed which revealed multiple occipital osteo-
lytic lesions, which were suspected to be multiple my-
eloma. Subsequently nuclear magnetic resonance im-
aging (MRI) showed that these lesions presented with 
a cerebrospinal fluid (CSF)-like signal intensity, no dif-
fusional restriction and intrinsic mass-like enhancement 
on conventional sequences were seen. T2 relaxation 
time was similar to that of CSF in the ventricles and 
adjacent subarachnoid space on T2-mapping. Single 
photon emission CT with 99mTc-Methyl diphosphonate 
was performed which revealed no increased radiotrac-
ing accumulation. Finally, these lesions were diagnosed 
as mutiple arachnoid granulations (AGs). The headache 
was treated symptomatically with medical therapy. On 
follow up examination after 6 mo no evidence of tumor 

was detected. This report aimed to illustrate the ap-
pearance and differentiation of occipital defects caused 
by multiple AGs on CT and MRI, with emphasis on the 
findings from T2 mapping.
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INTRODUCTION
Arachnoid granulations (AGs) are tufts of  arachnoid 
membrane invaginated into the dural sinuses through 
which cerebrospinal fluid (CSF) enters the venous sys-
tem. The lesions are primarily located in the parasagittal 
region along the superior sagittal sinus[1], which is oc-
casionally seen at the transverse sinus. Normally dural 
venous sinus AGs typically range from 2 to 8 mm in size, 
but may grow enough to expand the dural sinuses, and 
even the inner table, diploic space and outer table of  the 
skull[2].

Although AGs can also produce bone defects[3], due 
to their infrequency, multiple AGs leading to osteolytic 
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lesions within the occipital area have been incompletely 
characterized and could be responsible for diagnostic 
confusion, and sometimes represent a diagnostic chal-
lenge even for experienced radiologists. Identification of  
normal AGs within the occipital region may reduce the 
erroneous diagnosis of  a malignant pathologic process. 
This case report described the imaging features of  such 
AGs that allow differentiation from pathology on com-
puted tomography (CT), standard magnetic resonance 
imaging (MRI), and T2-mapping, which may help many 
radiologists, especially young doctors, reduce the misdiag-
nosis rate of  AGs.

CASE REPORT
A 56-year-old man with a 6-mo history of  headache was 
referred to our hospital. Neurological and general physi-
cal examinations were normal. Nonenhanced CT of  the 
brain was performed which revealed multiple osteolytic 
lesions in the occipital area (Figure 1), with sharp but 
slightly irregular margins; no bone spicules or calcifica-
tions were present. The lesions were suspected to be mul-
tiple myeloma. On laboratory examination, there was no 
evidence of  systemic myelomatous changes or anemia and 
urine analysis was completely normal with no evidence of  
Bence-Jones protein and excretion of  immunoglobulin 
elements. The screening tests for tumor markers were 
negative. Subsequently MRI showed that signal intensity 
within the bone erosions was isointense to CSF, hypoin-
tense relative to the brain on T1-weighted image (T1WI) 
(Figure 2A), hyperintense relative to the brain on T2-
weighted image (T2WI), with a banded lower signal most 
likely representing the intra-AGs collagenous connective 
tissue (Figure 2B and C), complete suppression on fluid 
attenuated inversion recovery (FLAIR) (Figure 2D), no 
restricted diffusion on diffusion-weighted imaging (DWI) 
(Figure 2E) and no mass-like enhancement on contrast-
enhanced T1WI (Figure 2F). The three-dimensional fast 
imaging employing steady state acquisition (3D FIESTA) 
showed that the adjacent subarachnoid space communi-
cated with the AGs (Figure 3A). T2 relaxation time was 
similar to that of  CSF in the ventricles and adjacent sub-
arachnoid space on T2-mapping (Figure 3B and C). For 
further investigation to detect possible metastases, single 
photon emission CT (SPECT) with 99mTc-Methyl diphos-
phonate (99mTc-MDP) was performed which revealed no 
increased radiotracing accumulation (Figure 3D). On the 
basis of  these findings, the erosions were identified as 
multiple AGs and the headache was managed with symp-
tomatic treatment. The patient has been followed up for 
6 mo without change. 

DISCUSSION
CSF is synthesized and produced by the choroid plexus 
in the lateral, third, and fourth ventricles where it circu-
lates to the subarachnoid space and eventually returns 
to the venous blood via the AGs. Histologically, AGs are 

composed of  dense collagenous connective tissue ad-
mixed with clusters of  arachnoid cells and a network of  
delicate vascular space filled with CSF from the contigu-
ous subarachnoid space. This cell layer was continuous 
with the underlying arachnoid membrane[4].

AGs are growths of  arachnoid membrane into the 
dural sinuses which have a wide variability in the site, 
number, size and morphology[5]. Occasionally, these ex-
tend partly up to the inner table of  the skull as so called 
foveolae granulations, and even expand into the diploic 
space and eventually involve the outer table, mimicking 
malignant osteolytic lesions. It was thought that some 
AGs hypertrophy was in response to increasing CSF vol-
ume and pressure[6]. The most common site for AGs is at 
the superior sagittal sinus[5,7]. The occipital and temporal 
bone defects caused by AGs in the transverse sinus and 
sigmoid sinus, respectively, were rarely reported[2,8]. In this 
case, multiple AGs which led to occipital bone defects 
were located at the transverse sinus, and varied in diam-
eter with a range of  5 to 17 mm, and showed expansion 
into the outer table.

The clinical significance of  AGs is uncertain. Most 
cases are usually asymptomatic and there are incidental 
findings on imaging studies, while some giant AGs may 
cause dural venous sinus pressure gradients and head-
ache[2]. In this case, the headache might be closely associ-
ated with multiple AGs.

AGs were identified on skull radiography as smoothly 
marginated impressions in the inner table of  the calvari-
um. Typically, regardless of  size AGs were commonly di-
agnosed by identifying intra-AG fluid which was revealed 
as CSF-like attenuation on CT and parallel CSF signal 
intensity on all MRI sequences, which was a conventional 
diagnostic criterion for AGs[2]. Haroun et al[5] thought that 
the identification of  AGs could be facilitated by their 
characteristic appearances: rounded or oval shape, well-
defined outlines and homogenous intensity; the presence 
of  an adjacent cortical vein can be considered as an ad-
ditional supportive element. Trimble et al[2] found that 
AGs may be complex structures whose contents do not 
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Figure 1  Multiple arachnoid granulations (arrows) in a 56-year-old man. 
Axial noncontrast computed tomography on soft-tissue windows (A) and bone 
windows (B) showed occipital multiple osteolytic lesions adjacent to the trans-
verse sinus. 
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Figure 3  Multiple arachnoid granulations (arrow) in a 56-year-old man. 
A: Coronal three-dimensional fast imaging employing steady state acquisition 
showed that the subarachnoid cavity communicated with a large arachnoid 
granulation (AG); B, C: Sagittal T2-mapping demonstrated T2 relaxation times 
of intra-AG contents paralleled that of cerebrospinal fluid in the ventricles and 
adjacent subarachnoid spaces; D: Single photon emission computed tomogra-
phy with 99mTc-Methyl diphosphonate revealed no increased radiotracer accu-
mulation.

invariably parallel CSF signal intensity. In this case, AGs 
presented as occipital erosions with CSF-like attenuation 
and a lobulated surface on nonenhanced CT, hypoin-
tense relative to the brain on T1WI, isointense to CSF on 
T2WI and 3D FIESTA, with linear hypointense compo-
nents which may represent the internal fibrous structure 
of  AGs, complete suppression on FLAIR, no restricted 
diffusion on DWI, and no gadolinium enhancement on 
postcontrast T1WI. In addition, the intra-AG fluid signal 
intensity was assessed quantitatively and compared with 
CSF in the ventricles and adjacent subarachnoid space 
on T2-mapping. T2 relaxation time of  intra-AG contents 
paralleled that of  CSF. 

Differentiation should be primarily made from multi-
ple myeloma and metastatic tumor. In addition, arachnoid 
cysts, dermoids and epidermoid also should be excluded. 
The key MRI features of  AGs were very well-defined 
CSF-like signal intensity protuberances. No enhancement 
or aggressive appearance like typical neoplasms, such as 
multiple myeloma and metastatic tumor, no fat signal in-
tensity or attenuation to suggest dermoid, and no restrict-
ed diffusion to suggest epidermoid were present[7]. For 
narrowing the differential diagnosis, SPECT with 99mTc-
MDP was performed in order to functionally characterize 
the lesion[9]. In this case, no uptake of  99mTc-MDP which 
was explained by the hypovascularity and low metabolic 
activity was observed. In this case, despite lack of  biopsy-
proved results, additional supports for AGs such as CT 
imaging, conventional MRI sequences, quantitative T2 
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Figure 2  Multiple arachnoid granulations (arrows) in a 56-year-old man. A-C: Sagittal T1-weighted image (T1WI) (A) showed hypointensity relative to the brain, 
axial (B) and sagittal (C) T2-weighted image showed hyperintensity relative to the brain, with a banded lower signal most likely representing the intra-arachnoid 
granulations (AGs) collagenous connective tissue; D: Axial fluid attenuated inversion recovery image demonstrated complete suppression of intra-AG fluid; E, F: Axial 
diffusion-weighted imaging (E) showed no restricted diffusion. Sagittal postcontrast T1WI (F) showed no gadolinium enhancement.
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relaxation time analysis, exclusive methods for diagnosis 
of  other diseases such as SPECT, laboratory tests, and 
6-mo follow-up were performed. All of  these strongly 
supported the presence of  AGs.

In conclusion, multiple AGs can occur in the trans-
verse sinus and lead to occipital osteolytic lesions which 
may be mistaken for other pathology due to rare presen-
tation of  AGs. A careful analysis of  MR imaging charac-
teristics especially quantitative T2 relaxation time parallel-
ing that of  CSF should lead to the correct diagnosis. 
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