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Purpose
One of the main causes of mortality is atherosclerosis which leads to

sudden cardiac attack. Frequently the first symptom of coronary artery

disease is acute coronary syndromes (ACS) which is mainly caused

by the rupture of a coronary artery. Histopathological studies have

revealed that generally atherosclerotic plaque rupture results in

thrombi. Atherosclerosis components of clinical importance are cal-

cium, fibrous, necrotic, and lipid rich tissue.

Size and pattern of each plaque component existing in the plaque

area can define the nature of problem. Thus, precise characterization

of plaque lesions provides physician with better understanding of the

vessel disease situation to choose the appropriate treatment strategy

and assessment of the therapy effectiveness too.

Grayscale intravascular ultrasound (IVUS) provides real-time and

high-resolution tomography visualization of the coronary arteries.

Lumen and vessel dimensions, and the distribution of different pla-

ques can be analyzed through inspecting images driven by IVUS

imaging modality. Moreover, intra luminal thrombus presence and

plaque rupture assessment can be done by employing grayscale IVUS.

Applying the informative rich IVUS frames of each patient and

performing manual analysis of cross section area (CSA) images is not

only time-consuming but also prone to the inter-observer and intra-

observer variability. Furthermore, the clear identification of non-

classified, i.e. fibrous or rich lipid, plaques are especially difficult.

Thus, developing a device capable of characterizing plaque compo-

nents by IVUS images automatically is of great importance.

Virtual histology (VH) provides a colored coded plaque charac-

terization technique using analysis and classification of the radio-

frequency (RF) component of the backscattered ultrasound signal. For

improving the longitudinal resolution of VH, it would be desirable to

retain more of the data by collecting multiple frames per cycle, as

long as they are captured when the heart and catheter are similarly

oriented. Therefore, developing a new characterization technique

might be of great value for complementing VH technology.

In this paper, a new tool capable of automatic IVUS image anal-

ysis is proposed. It has two main sections. One is the border detection,

where the intima and the media-adventitia borders are detected. The

other is plaque characterization in which the pixels in the plaque area

are classified to different plaque types based on their textural

behavior. In this study the number of classes was reduced to three

classes instead of four, by combining the fibrous and lipid classes.
Method
The intima and the media-adventitia borders are detected in IVUS

images of the coronary arteries applying parametric deformable

models (Snake).Then, the area between the intima and media-

adventitia borders is considered as the plaque region. In the next step,

textural features are extracted from the plaque region.

Here, three feature extraction methods were used for recognizing

four substances (i.e. calcium, fibrous, necrotic core, and lipid core).

One is Local Binary Pattern (LBP) and the other is discrete wavelet

transform, energy and entropy of sub-images from different scales,

and the third one is the co-occurrence matrix. Here, images are swept

by a 7 9 7 window. The wavelet decomposition level was set to 2.

After feature extraction step, feature vectors are then classified

into the defined plaque types using a support vector machine (SVM)

classifier.

To obtain a standalone executable application, the program with a

graphical user interface (GUI) was compiled by C++ compiler in

Microsoft Visual Studio 2005 as shown in Fig. 1.
Results
Our study group is consisted of sequences of IVUS images acquired

from five patients. These images with the digitized matrix size of

400 9 400 pixels were acquired using a 30-MHz transducer at a

0.5 mm/s pullback speed. Out of the frames in which all types of

plaques were detected by the VH method, 20 frames were selected for

each patient. The three mentioned methods were then applied on the

set of 100 frames.

The area difference and average distance (AD) (mean ± SD%) of

the snake method in comparison with two experts for the intima and

the media-adventitia areas have been computed. These measures were

7.54 ± 4.62% (mm) and 0.3 ± 0.25% for the intima border,

respectively. The values for the media-adventitia were 6.12 ± 1.8 and

0.3 ± 0.01%, respectively.

The characterized IVUS images were validated by their corre-

sponding VH images and the accuracy, sensitivity, and specificity

parameters were calculated for each technique. The comparative

results of three proposed methods were illustrated in Table 1.

It can be inferred from the Table 1 that the 2D wavelet transform

method has more capability for classifying fibrolipid and necrotic

plaques in comparison with the other methods. In addition, the overall

accuracy of the modified 2D wavelet transform is higher than the

Fig. 1 An example of the GUI window
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others. But, the co-occurrence method performs better in character-

izing the calcified regions. For a typical frame the 2D wavelet

transform method took approximately 37 s to characterize the pixels,

whereas the LBP took 1.5 min and the co-occurrence took nearly

6 min on the same computer. Thus, in terms of time efficiency, the 2D

wavelet transform method further outdoes the other two. The best

method, 2D wavelet transform, was employed in the GUI for plaque

classification.
Conclusion
Here we proposed a precise tool for automatic IVUS image border

detection and plaque characterization. According to the results of this

study the modified 2D wavelet transform seems to be more powerful

than the co-occurrence and the LBP methods in terms of both time

efficiency and classification accuracy.

Moreover, this system provides physicians with some analytical

parameters such as Lumen Area, Eccentricity, and min-max Lumen

Thickness which can help them to accurately decide about the

patient’s disease.
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Purpose
Cerebral vascular diseases are detectable by CT/MRI-based methods.

Drawbacks of these methods are that they are expensive, time-con-

suming and intolerable to critically ill patients. Ultrasound, as an

inexpensive bedside method, promises to become an alternative to

determine cerebral blood perfusion. Among other harmonic imaging

methods, the diminution harmonic imaging (DHI) method is known,

which determines perfusion-related parameters by analyzing ultra-

sound contrast agent (UCA) diminution kinetics based on constant

UCA infusion. The method is most promising, since it is very fast

compared to other imaging methods. Hence, for the investigator it is

easy to provide stable insonation conditions thereby reducing move-

ment artifacts. However, the quality of the results has not yet reached

that of better established methods, like, e.g. the bolus imaging

method.
Methods
The currently used model for the DHI method describes inflow,

outflow and destruction of UCA for each inter-pulse interval. Inflow

and Outflow are modeled by exponential processes, whereas the local

destruction power of the ultrasound pulse is given by a (constant)

factor. The main parameters in this model besides the perfusion

coefficient are the destruction factor and the amplitude value of the

steady state which is reached after a number of pulses. In this state,

the amount of destroyed and outflowing UCA during one interval

equals the amount of inflowing UCA (see Fig. 1). Estimating the

destruction factor as the quotient of the first two intensity values in

each sequence and the steady state value as the limit of the DHI

sequence makes it possible to directly calculate the perfusion

coefficient.

We suggest two extensions to improve the quality of the perfu-

sion-related parameters. The first is a model extension while the

second is a change in the examination procedure. The main drawback

of the currently used model is the fact, that it does not consider a

baseline intensity. This fraction of the echo signal is not originating

from the UCA and thus does not change over time. Especially in low-

perfused areas, this fraction can be high. Hence, we suggest toT
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integrate an additive baseline intensity into the model (see Fig. 2,

remaining parameters unchanged). Unfortunately, this additional

parameter no longer makes it possible to directly calculate the desired

results, since there is no way to estimate or even calculate it from the

intensity data. Instead, the model has to be fitted to the data by, e.g.

least squares methods. This is a lot more time-consuming. Further-

more, we suggest examining the patient with two or more different

frame rates. This on the one hand widens the dynamic range of

measurable perfusion and on the other hand effectively results in two

or more perfusion coefficient values which reduce the measurement

error by simple averaging.
Results
We applied our method extensions to images taken from healthy

subjects as well as from patients suffering from acute ischemic stroke.

In both cases, qualitative improvements in the perfusion-related

parameter presentation could be identified visually. Since obtaining

an in vivo ground truth for perfusion parameters is nearly impossible,

a validation of this accuracy improvement is a difficult task. A clinical

validation study would at least support this finding and help in

quantifying the improvements.
Conclusion
The proposed measures improve prediction accuracy for blood per-

fusion by refining the currently used DHI model and by exploiting

information obtained from different frame rates. Drawbacks are that

for each additional frame rate used, more time has to be accounted for

the examination and the probability of degrading insonation condi-

tions rises. However, the diminution method is very fast and since

most information is contained in the first two frames of a series, this

fact is negligible. Hence, implementing a corresponding insonation

pattern is feasible. Furthermore, an offline analysis of the obtained

images can not be avoided, due to the necessary fitting process.

Nevertheless, the improvements in accuracy are very promising

which leads to a highly enhanced usability of the diminution method.

The already high speed of this method is accompanied by high

accuracy. A profound evaluation study will be carried out to deter-

mine the improvement in diagnostic criteria. The ultrasound-based

diminution harmonic imaging method provides a fast and inexpensive

alternative among different modalities for microcirculation evalua-

tion. Because of the general approach it is not restricted to cerebral

microcirculation but can be applied to every organ reachable by

ultrasound.
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Purpose
In pediatric standard examinations ultrasound presents a non-inva-

sive technique for imaging the brain. A probe is moved over the

fontanelle thereby imaging cutting planes through the brain. CranUS

is an augmented reality ultrasound simulator for this procedure,

featuring real props. The simulation is based on real patient ultra-

sound images (b-scans) that—for ethical reasons—had to be

acquired without tracking information of the patient. CranUS

reconstructs a volumetric representation of the imperfect data and

simulates the diagnostic procedure for training purposes. The system

has been presented to the interested expert public and evaluated by

radiologists as well as technicians. The simulator was found a very

good replication of the original examination and well suited for

training purposes.

In children with age less than 1 year the skull is not completely

closed [1]. The brain can be examined non-invasively through the

acoustic window—the fontanelles. The procedure demands a skilled

radiologist to image significant cutting planes [5] (Fig. 1). As newborn

patient cooperation during the examination is limited reaching the

desired cutting planes needs significant training. At the same time

the cooperation for training purposes is low as well. So a simulator for

the examination is most useful for training purposes. For the simulator

images equivalent to the ones that could be seen in a patient exami-

nation have to be shown. The computed image depends on the

tracking information for phantom and prop (Fig. 2). The core of the

simulation is the computed fake image displayed on the computer

screen.
Methods
Simulating ultrasound devices has been a known research topic for

years. Generation of simulated images from processed ultrasound data

acquired with sufficient tracking information has been done in various

approaches [2, 3]. Still new approaches had to be developed to deal

with the special requirements for the neonatal ultrasound examination

simulation.

During an examination the radiologist seeks the correct probe pose

according to his knowledge and the direct feedback from the images.

Relative position and orientation of the probe and the patient are

thereby implicitly handled by the radiologist. CranUS aims at training

Fig. 1 Existing model of the DHI imaging procedure

Fig. 2 Additive baseline intensity added to the DHI model
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the seeking of the desired cutting planes and necessary poses during

the examination. It is therefore most important for the simulation to

deliver images that match the poses just like in the real procedure. At

the same time the images have to be comparable to real images in

appearance and quality. We therefore reconstructed an ultrasound

volume representation from real patient images.

The volume to construct presents a 3D image of the brain in

ultrasound modality. Pixel values are assigned along the recorded

ultrasound image plane and averaged for competing values of the

same pixel. There is no deformation of the brain over time and

examinations are done in single sweeps. Competing gray values for

the same position can therefore be averaged by arithmetic mean.

Still, pediatric patients might move during the examination. For

ethical reasons the patient’s head could not be tracked during data

acquisition using any known tracking technology. Position and ori-

entation of the ultrasound probe, however, were measured by

electromagnetic tracking in a commercially available integrated sys-

tem. As the fontanelles are the only acoustic window translations of

the probe are very limited.

The examination consists of tilting the probe into the right plane.

Any position deviation of the probe can therefore be interpreted as

patient movement and ignored for the reconstruction. Changes in

orientation originate both in patient movement (turning of the head)

or probe rotation. So a separation of rotation information into patient

movement and probe movement can not be computed. We solved this

challenge by visualizing the tracking path information, which allows a

radiologist to judge datasets for their suitability in reconstructing the

ultrasound volume.

Missing pixel values in the reconstructed volume were interpo-

lated from existing values [4]. A proprietary multi-stage interpolation

procedure was developed for this purpose. Distance weighted inter-

polation between two neighboring B-Scans, was followed by the

most common used approach: a nearest neighbor algorithm for a

26-neighborhood.

After registration of the computed volume with the real phantom

the reconstructed ultrasound volume can be sliced at arbitrary angles

according to position and orientation of the prop relative to the

phantom. 2D images are then generated according to the new tracking

information.

Results
Evaluation of CranUS was performed by 11 test users with ade-

quate background (radiologists and technicians). A questionnaire

featuring 13 questions using a 7 point Likert-scale measured user

impressions and preferences. Though the registration of virtual and

real parts of CranUS lacked accuracy, the system was judged to be

well suited to perform the examination. Handling and realism were

considered to be very well, and the image quality and white noise

were considered being equivalent to a real scenario. Especially,

incomplete images (partially outside the reconstructed volume)

were considered being very well acceptable, as the same situation

arises for real examinations. Efficiency in seeking the intended

cutting planes and finding anomalies was judged as being very well

to excellent.
Conclusion
CranUS successfully simulates neonatal cranial ultrasound examina-

tions. It is based on data acquired in clinical practice during standard

examinations. We demonstrated that tracking of the patient’s head

can be avoided by utilizing the examinations key features to cover the

lack of information. Evaluated by technicians and radiologists sug-

gested only minor differences from the expected image output and

therefore judged the system as being suited to be used for training

purposes. Next thing is to implement different training modes and test

the training success for apprentices.
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Purpose
Thoracic ultrasound has been shown in multiple studies to have

excellent test characteristics for the diagnosis of a pneumothorax.

Published test sensitivities for this diagnostic test range from 94 to

98% and specificities range from 91 to 100% [1–3]. Most of these

studies, however, have been performed by physicians with experience

in diagnostic ultrasound, thoracic ultrasound or both. We developed a

prototype computer software algorithm that can interpret digital

thoracic ultrasound clips and distinguish between normal lung sliding

and its absence (indicating pneumothorax) in an attempt to replicate

published image interpretation test characteristics with an automated

computer algorithm. We compared the computer algorithm interpre-

tation performance to that of 44 prehospital personnel with no

Fig. 1 A schematic of desired cutting [5] planes and a real

examination with screen output (courtesy M. Riccabona, LKH Graz)

Fig. 2 CranUS setup and screen output: markers were attached to

allow optical tracking of phantom and probe
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ultrasound experience (20 paramedics, 14 emergency medical tech-

nicians and 10 nurses) who received a 1-h training module in

ultrasound diagnosis of pneumothorax.
Methods
Video clips of patients with known normal lungs or known pneu-

mothoraces were analysed for characteristic features. Probability

curves for each characteristic feature were constructed and then these

curves were applied to new clips. The ability of each characteristic

features to correctly diagnose each new clip was recorded. As new

clips were analysed, those features that correctly identified each new

clip were given added weight in the decision algorithm and those

features that did not correctly identify each new clip were given less

weight. A final algorithm was applied to 25 new video clips (11

normal and 14 pneumothorax cases) that had not been used in the

algorithm development. The same 25 new clips (11 normal and 14

pneumothorax) were shown to 44 prehospital personnel with no

ultrasound experience after a 1-h interpretation training module.
Results
Twenty-five known normal lung and pneumothorax video clips were

run through the computer algorithm. The algorithm was able to cor-

rectly identify 6/11 normal clips for a sensitivity of 0.5 (CI 0.22–0.77)

and was able to correctly identify 11/14 pneumothorax clips for a

specificity of 0.85 (CI 0.54–0.97). The prehosptial providers had a

sensitivity of 0.69 (CI 0.62–0.77) and a specificity of 0.75 (CI 0.58–

0.77) when asked to identify the video clips for lung sliding.
Conclusions
While the current algorithm does not approximate the published test

characteristics of lung ultrasound for the diagnosis of pneumothorax,

this initial attempt at developing image recognition software proved

promising when compared to minimally trained novice users. Some of

the challenges in the algorithm development are now better under-

stood. Further studies are needed to continue to improve and modify

this algorithmic approach.
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