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      Preface

      Seven years have elapsed since the first edition of this monograph which at the time, was given a very positive reception by the professional public. One of the chief reasons for this was that the book filled a large gap in the Czech market on the theory and practice of ultrasound diagnosis in venous disorders of the lower limbs. Appreciation of the first edition prompted us to write a second, revised and updated version.. Guiding our efforts in this were the discussions with doctors at congresses and the many fruitful suggestions gained from sonography workshops.

      Routine use of ultrasound is revolutionising medicine in the diagnosis and treat­ment of a large number of diseases and conditions. In phlebology, it has become crucial. When carried out properly, ultrasound simplifies and makes everything easier for both doctors and patients. It enables fast and reliable diagnosis of superficial and deep vein thrombosis, identifies primary reflux sites in chronic venous disease and allows long­-term follow­-up of patients with vein disorders. For vascular surgeons, ultrasound mapping of the superficial veins should be indispensable before each varicose vein surgery.

      Confronted with everyday practice, with the specific requirements and questions which doctors have when they refer their patients for ultrasound examination of the lower limbs, we have made efforts to develop the techniques that suit our particular clinical conditions and systematically expand our knowledge from the medical literature and lectures.

      Following the first edition, this book updates the view of vein disease and the current position of ultrasonography in phlebology. It aims to be a useful text on ultrasound, a hands­-on guide for new doctors and those in routine practice who are looking for answers to professional questions arising from their work. The publication is thus dedicated not only to doctors in the diagnosis of vein diseases, i.e. angiologists and radiologists, but also to the specialists who most often send their patients for scanning­-surgeons, dermatologists, internists, cardiologists and general practitioners.

      Each chapter is written as an independent unit and for this reason a certain amount of redundancy is unavoidable. Parts may be overly simple to readers familiar with ultra­sound principles. It would be untrue however, to assume that all those who come in contact professionally with ultrasound, understand the technology.

      As an imaging mode, an integral part of the book is drawings and images taken during an ultrasound examination and presented to the reader as they are seen in

    common practice. We hope you find this monograph useful.

      
        doc. MUDr. Dalibor Musil, Ph.D.
      

      
        Olomouc, 15
        th
        September 2015
      

    

  

1Ultrasound in phlebology

Dalibor Musil, Ivo Hofírek

1.1Technical Principles of Examination

1.1.1What is ultrasound

Ultrasound (US) refers to high frequency mechanical oscillations transmitted to particles in a medium. If we imagine the waves as the concentric circles that expand on the surface of water following the impact of a stone, the circles are the regions of pressure change as from gas to liquid to solid. Ultrasound waves have a frequency greater than 20 kHz (20,000 Hz). This creates vibrations inaccessible to the human ear. Production of these higher frequencies is due to piezoelectric crystals in the ultrasound probe which have the ability to convert electrical impulses into mechanical vibrations, transmitted in pulses to the body in relation to their frequency. For ultrasound diagnosis in medicine, the frequency band 2 MHz to 50 MHz is used, in common practice 3 MHz to 10 MHz.

The sound is always propagated as longitudinal waves – the waves are parallel to the direction of propagation. In solids, the sound spreads not only as longitudinal but also transverse waves when the beam is perpendicular to the direction of the propagation. Ultrasound vibrations in media such as the soft tissues and fluids of the human body, spread along the longitudinal wave. Transverse waves only spread in bones. With increasing frequency, at high and very high frequencies (in the order of MHz), ultrasound waves behave like electromagnetic waves. The average rate of ultrasound propagation in the human body is 1540 m/s. The velocity is independent of the frequency used but depends on acoustic impedance, that is, the resistance that a US beam encounters in the tissue receiving it. Acoustic impedance is the characteristic that determines the relationship of US waves to the surroundings in which the ultrasound spreads. It is defined as the density of a substance multiplied by the sound velocity in the material (kg m–2 s–1). An analogy is the optical refractive index. The acoustic impedance is proportional to the elasticity and density of the tissue and increases in the order of: lung – blood – soft tissues (internal organs) – muscle, bone (Table 1.1).

An acoustic interface (e.g. fat/muscle, bone/muscle, muscle/blood, etc.) is created at the point of contact of two media with different sound propagation properties. At this interface, the ultrasound waves partly reflect and partly transmit, provided the beam is perpendicular to the medium. If it is oblique, the waves are partly reflected and partly dispersed (Figure 1.1). Ultrasound waves are also absorbed by the tissues and acoustic energy is transformed into thermal energy (heating the tissues). Higher frequency US waves are absorbed the most. The US signal at an acoustic interface changes its energy (amplitude). The ratio of the amplitude of the transmitted and reflected ultrasound signal is called the reflection coefficient and is dependent on the acoustic impedance of the media (Table 1.1). Dispersion is the propagation of US waves into space in all directions. It occurs when the acoustic interface is less than the wavelength of the incident wave (e.g. erythrocyte dispersion). Reflected back to the probe, is a US signal (echo) with a certain frequency, intensity and time delay. The crystals in the probe, convert the US waves into electrical impulses.

[image: image]
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Fig. 1.1 US wave propagation – At the tissue interface, a percentage of US waves reflect at the same angle but in the opposite direction to the incident wave, non­-reflected waves pass through the second medium in the direction of impact (α = β = γ) – A. acoustic waves perpendicular to the interface of two media, B. acoustic waves incident obliquely at the interface of two media at an angle α

The ratio of the intensity of the reflected wave to the incident wave:

[image: image]

The greater R is, the greater the degree of reflection, i.e. R for a soft tissue interface such as liver and kidney is 0.01, i.e. only 1 % of the sound is reflected. For muscle/bone interface, 40 % is reflected and for a soft tissue/air interface 99 % is reflected.

Tab. 1.1 Acoustic impedance for different tissues







	
Medium


	
Impedance (kg m–2 s–1)





	
air


	
0,000 4 × 106





	
lung


	
0,46 × 106





	
blood


	
1,61 × 106





	
soft tissues


	
1,63 × 106





	
muscle


	
1,70 × 106





	
bone


	
7,80 × 106







1.1.2Creation of an ultrasound image

The basic and simplest type of ultrasound image is a one­-dimensional recording of time sequence and magnitude (intensity) of the acoustic energy of reflections (echo) of the US signals transmitted to a tissue. This view is called the A mode (Eng. amplitude). Moving structures can be displayed in a continuous A view, which is called M (Eng. motion). In angiology and phlebology, the M image is not used being mainly the domain of cardiology.

A more advanced display type uses the brightness changes of individual screen dots emitted by incoming echoes in a range of up to 256-degrees­-gray scale. This is referred to as the B­-mode, brightness modulation and it produces a 2D image. The dynamic B­-mode enables rapid simultaneous emission of signal and echo processing.

Ultrasound machines used in phlebology usually work in pulse mode (pulse Doppler, PW Doppler, see further). The probe sends a short pulse, an ultrasound signal of a certain frequency and the reflected echo is converted into electrical impulses that are processed as a 2D image. Each point on the monitor corresponds to the intensity of the received US signal – a specific brightness intensity in the gray scale from white to black. If pulses are transmitted parallel to received echoes, we refer to a linear view. The US image is rectangular. If the transmitted pulses and echoes are divergent, this is a sector view and the US image is diverging from the probe.

1.1.3Processing ultrasound signals

We can simplify the capture and processing of US images if we imagine processing the images from a digital camera. The quality of the image depends on the conditions of taking the first shot (“photo”), adjusting the camera settings to obtain the type of picture desired (for example, sports, landscape, night scenery, etc.), the subject, lighting and a number of other parameters (preprocessing), chip resolution and chip size, data processing and noise reduction programs. In this way, the data is edited with specialised computer software (postprocessing – editing of the image).

Today, digital technologies allow for a number of adjustments to the final US image. These conform to the programs and technologies used in various types of US machines which of course make comparison difficult and create variation in the appearance of the same tissue.

Other settings that can edit and optimise the image, are gain (signal gain) and compression (signal condensation). These work differently in 2D display and color flow mapping (CFM) (see further). Gain and compression may also be default settings

US signals on absorption (change in acoustic energy through heat) are weakened, especially if they come from a greater depth. For this reason, the reflected echo from the human body must be sufficiently amplified called gain. Gain in US signal is achieved in three ways:

1.Total gain (all incoming US signals are amplified) – using the total gain function (TG­ – Total Gain), which is referred to in US machines as gain or 2D gain, and will amplify the image.

2.Selective gain (gain is greater for US signals coming from greater body depth, i.e. later) – using the compensation time gain (TGC – Time Gain Compensation) which is regulated in some US devices by slider keys, each key regulating gain from a certain tissue depth.

3. Active amplification (amplifies the US signal coming from the pulse Doppler record).

The dynamic range expresses the ratio between the strongest and weakest measurable echo in decibels (dB). This is important for image quality. Another image improvement is harmonic imaging which was originally used in cases of technically difficult US exams but it has found application in all other areas of US investigation. Instead of increasing the US power and extending the investigation time, a strong signal of a given frequency is transmitted to the area displayed to obtain a satisfactory image. The probe recursively retrieves the natural harmonic waves with the 2nd harmonic. Harmonics occur spontaneously in tissues due to the non­-linear propagation of US waves. However, they are weak and need a powerful scanner to capture and appro­priate software. The natural harmonic display shortens the scanning time, increases the contrast during routine screening and allows for better imaging in technically difficult to investigate patients. One caveat however, is that a better 2D image with harmonic display can compromise color mapping and Doppler measurements.

1.1.4Doppler effect

For quantitative and qualitative blood flow investigation, the Doppler effect is indispensable. This phenomenon, first described by Austrian physicist, Christian Doppler in 1842 while he was in Prague, was used in medicine for measuring the velocity of blood for the first time in 1960 by the Japanese, Satomura.

The Doppler effect is a physical phenomenon whereby the wavelength, electromagnetic or mechanical (sound, ultrasound) transmitted by a source is perceived by an observer as increased or decreased, if the source (transmitter) and the observer (recei­ver) change distance. Between the moving transmitter and the stationary or moving receiver,

the acoustic signal is subject to a frequency shift, to a lower or higher frequency depending on whether the transmitter is away from (lower frequency) or towards the observer (higher frequency).

The probe transmits US waves to the body in constant frequency pulses. For immobile objects, US reflects without changing frequency.

The US waves picked up by the probe, are processed as the image (B­-mode). from moving structures (e.g. erythrocytes), US waves are reflected as frequency. The difference between the frequency of transmitted and received waves, is called the frequency shift. The amount of frequency shift is proportional to the velocity of erythrocytes (blood flow rates). This relationship is expressed by the Doppler equation:

[image: image]

v – blood flow velocity

Fv, Fd – frequency of emitted (v) and incident (d) US waves

c – a constant indicating the rate of US propagation in the blood (1540 m/s)

θ (theta) – the angle between the direction of impact of the US wave and the direction of the erythrocyte movement

v – velocity of erythrocytes

If the angle of incidence is 90°, the Doppler equation is 0 (cos 90° = 0) and blood velocity measurement is impossible. To measure absolute speeds, it is advisable to select the smallest incidence angle. At an angle of up to 10°, the difference between the measured and actual speed is only about 1.5 %.

The absolute value of the frequency shift is dependent on the frequency used. For this reason, it is preferable to use higher operating frequencies for recording low speeds and lower operating frequencies when measuring high blood velocities. In practice, frequencies from 1 MHz to 10 MHz are used. At blood flow rates from 1 cm/s to 500 cm/s, there is a frequency shift in the range of audible sound which allows sound in addition to the video recording.

1.1.4.1Rheology – patterns of blood flow through blood vessels

Blood, a non­-Newtonian fluid, has a laminar flow under physiological conditions. We can imagine the flow in a single direction as sliding concentric cylinders parallel to the vascular endothelium where the velocity of blood components in each cylinder is the same. The slowest moving is the layer of blood adjacent to the vascular endothelium. The closer to the center of the cylinder, the faster the layers move. The velocity of the other layers of blood gradually increases to a maximum in the blood vessel axis. The laminar flow results in a cylindrical or parabolic profile where the rates of individual blood cells differ only slightly.

The frequency shifts according the the basic Doppler effect (see above). The smallest frequency shift is created by the slow moving cells at the edge of the vascular lumen. In contrast, the largest frequency shift is reflected by the US waves from fast moving blood cells in the center of the blood vessel. Graphic recording of laminar blood flow is then a narrow frequency spectral curve with a small spectrum of fast moving blood flowing through the blood vessel. A narrow frequency line spectral curve with a characteristic shape appears on the monitor.

In the case of turbulent flow, the erythrocyte velocity spectrum is considerably broader and the linear narrow frequency spectral curve expands on the monitor until it completely disappears. The area under the curve is filled with a number of spectral velocities.

1.1.4.2Continuous Doppler

In vascular diagnostics, the first clinically used Doppler method was continuous Doppler (Continuous Wave Doppler – CWD). Continuous Doppler uses an unmodulated wave of 4 MHz or 8 MHz US signal that is continuously transmitted and received.

The probe for continuous Doppler scanning contains two crystals (piezoelectric transducers). One is a permanent transmitter and the other continuously receives reflected signals. The crystals are positioned in the probe so that the transmitted and received beams overlap in a sensitive area a few centimeters long. The US signal is transmitted and scanned continuously. It is more powerful than the pulse Doppler (see below), but as the sum of all the tissues through which the signal passes, it lacks precise spatial focusing of target structures. The US waves are converted into electric current by the piezoelectric transducer and an audible sound is heard as a stereoacoustic signal from a speaker or headphones. Computerised processing of the electrical signal leads to a graphic record of blood velocity simultaneously appearing on the monitor. This is a Doppler record of the velocity of blood through the vessel.

Inexpensive CD systems, without 2D image, are equipped with small pencil probes (4 MHz and 8 MHz). Pocket Dopplers serve as an orientative functional examina­ti­on

of the veins in the standing or lying patient. Pencil transducers, also called CW Doppler probes, are utilised to measure blood flow and speed of sound in blood. This probe has a small footprint and uses low frequency (typically 2–8 MHz).

Their great disadvantage however, is lack of spatial resolution. This prevents blood velocity measurement at a specific 2D image location. All the vessels located in the longitudinal axis of the US beam at different depths and sites are scanned at the same time and the resulting acoustic signal is mixed.

Since continuous Doppler has no limit for frequency shift, its main function is accurate measurement of high blood velocities in cardiology and detection of flow in superficial blood vessels.

1.1.4.3Pulsed Doppler

Current US devices for vascular investigation use Pulsed Doppler (Pulsed Wave Doppler, PWD), where one piezoelectric element in the probe alternately transmits and receives the US waves to and from the tissue. These are reflected from the interface of different densities (blood/tissue, tissue/tissue) and received by the same transducer after a short delay. At a constant rate of US propagation in soft tissues, the time between transmission and pulse reception is directly proportional to the vessel’s distance from the probe. The Pulsed Doppler system, therefore, allows precise determination of the depth the reflected signals are coming from. For this reason, Pulsed Doppler can be used to select a site in a particular vessel and place there a sampling volume (measurement volume, sampling volume) from which the Doppler signal is recorded. This is the main difference to continuous Doppler.

The low signal­-to­-noise ratio of Pulsed Doppler however, precludes its use for very slow flow rates. Another ultrasound mode should be used here – Power Doppler (see Chapter 1.1.4.6).

1.1.4.4Color Flow Mapping (CFM, color Doppler)

In color flow mapping, the blood flow record of pulse Doppler is superimposed on a 2D image (B­-mode) in real time. As a result, CFM has the limitations of both modes B­-mode and PW Doppler (see above). The CFM allows a color display of the hemodynamics, i.e., different velocities and direction of blood flow in real time.

Pulse Doppler detects the velocity and direction of blood flow in several sample volumes simultaneously. The number of sample volumes is determined by the size of the CFM display box which constitutes a part of the 2D image in gray scale (B­-mode). The size of the display box is determined by the machine settings. Selecting a too large box for CFM, especially in terms of width, is associated with reduced spatial resolution.

To identify vessels through CFM and PW Doppler, it is important to set the correct pulse repetition frequency (PRF) emitted by the probe. This must match the velocity of blood flow in the vein examined. For a slow velocity, set a lower PRF and a higher PRF for a fast flow rate. If the PRF is set too low, a frequency error (ambiguity) is generated. Frequencies (blood flow rates) that exceed the set frequency and thus speed range of the machine cause the computer to automatically re­-set to the zero line, i.e. to negative values. These frequencies (speeds) are then relabelled (aliasing) as the opposite (negative or positive) frequency, indicating the opposite direction of flow. If the PRF is set too high, there is a spatial error. At the location of a slow­-flowing vessel (the flow is slower than the PRF setting), no blood flow appears. There is an error in the identification of the vessel, i.e. the vessel can be overlooked as another anechoic structure (Figure 1.2).

[image: image]

Fig. 1.2 Pulse Repetition Frequency (PRF) on a US device for the investigation of the popliteal vein (P) – A. proper PRF setting (1500 Hz, corresponding to a flow velocity of ± 15 cm/s) which corresponds to the measured blood flow velocity in the vein, is a monochromatic, homogeneous flow pattern, B. PRF setting too high (7000 Hz, corresponding to a blood velocity ± 68 cm/s), at the site where the vessel lies, no blood flow is shown (CFM spatial error), C. too low PRF setting (800 Hz, corresponding to a flow rate of ± 8 cm/s), higher frequencies corresponding to faster blood flow in the blood vessel axis are displayed in the opposite (red­-yellow) color coding (frequency error, CFM aliasing) an apparent change in direction of blood flow in high­-velocity areas, producing flow that appears to be backward

The resulting CFM is a color flow map. This, as mentioned, is superimposed on a 2D image (B­-mode), which forms the image background at the site of the blood flow investigation, and is defined by the CFM box boundaries (Figure 1.3). Blood flow is represented by points (voxels, pixels) in blue and red with intensity of color showing blood velocity – red showing blood flow back to the probe and blue flowing away from the probe. The quality of the 2D image covered by a color map is however somewhat poorer in places than without a map.

[image: image]

Fig. 1.3 Color map of the SFJ on a background of a 2D US image – color flow map (CFM): in the box for the CFM display (green) the velocity and direction of the blood flow are displayed using PWD, blue indicates blood flow away from the probe, red, blood flow towards it, blood flow rate increase reflected as lighter shades of both colors. VSM – vena saphena magna, VF – vena femoralis, VFC – vena femoralis communis, VPF – vena profunda femoris

1.1.4.5Duplex and triplex ultrasound examination

By combining 2D imaging in real time with pulse Doppler, we get a duplex ultrasound scan (combination of B­-mode and pulse Doppler) (Figure 1.4). The gray scale 2D gives the morphological image but no movement. The color Doppler provides an image of blood velocity. The two displays overlap on the screen, so­-called duplex.

[image: image]

Fig. 1.4 Duplex and triplex US image of the femoral vein (vena femoralis) – A. duplex image of two US modes (B­-mode + CFM), B. duplex image of two US modes (B­-mode + PW Doppler), C. triplex mode imaging (B­-mode + CFM + PW Doppler)

The blood flow measurement point can be precisely selected by adjusting the sample volume in B­-mode. Duplex sonography allows the B­-image to determine the location and size of the sample volume, from which spectral readings are shown for blood velocity in the scanned vessel. The tissue architecture and recorded blood flow curve in real time are displayed for the selected site

The term color duplex sonography is used to indicate a 2D gray scale image which is integrated with color flow mapping (B­-mode and CFM). It is also referred to as Doppler color sonography.

By combining the graphic signal of pulse Doppler with B­-mode and CFM, we arrive at the triplex US investigation (B­-mode + pulse Doppler + CFM) (Figure 1.4).

Linear or sector probes are used for examining the area of the iliac veins, groin, thigh and popliteal vein using 4–5 MHz frequencies and for lower leg and ankle 5–10 MHz (Elias, 1998).

1.1.4.6Power Doppler

Other terms used are: Color Doppler Energy, Ultrasund Angiography, Color Amplitude Imaging (CAI), Color Power Angiography (CPA). The basis of this technique is reflected impulses with a frequency shift but the color shows only the integrated power of the reflected signal, with the frequency shift ignored. Simply put, the intensity of the color corresponds to the number of moving cells, regardless of direction and speed of movement. Since Power Doppler is not as dependent on the angle of incidence (the angle that determines the direction of blood flow and incident US waves) as other Doppler methods, it can be used to investigate less perfused tissues and organs, especially in slow­-flowing sites.

1.2Clinical use of ultrasound in phlebology

Practical ultrasound examination is simple at first glance but it comes with a few challenges. You need to familiarise yourself with the device, find which knobs are most important and test the various ways for comparing the image of the same environment/site/medium while changing a single image parameter. Once you have found the appropriate setting for a specific parameter, you need to save it and investigate it with changes to the next. This may initially be laborious but it will allow you to become accustomed to the instrument and gain more from its imaging capabilities. Manufacturer specifications do not have to comply with specific clinical practice and user manuals are often poorly designed. It stands to reason also hat you need to investigate the deep vein system in a normosomic individual, rather than an obese patient or one with swollen limbs/lymphedema. Changing the display mode can help improve the quality of the examination and if the settings for different scans are already tested and stored as defaults, this will save time.

1.2.1Setting the ultrasound machine

Along with changes in display settings, the probes used must be suitable for the type of examination and patient. These days, angiological imaging uses high frequency probes and a change in frequency range is all that is required. Mostly however, the probes continuously transmit a signal over the range of frequencies indicated by the manufacturer as the frequency range of the probe, for example 5–12 MHz. A suitable frequency range for the best image is then digitally selected from the transmitter spectrum.

US machines now on the market allow selection of an appropiate frequency region from the range of the probe separately in 2D display and especially in color mapping and Doppler measurement. In a practical vascular exam, the operator can select his/her own settings or pre­-sets. If there is no custom pre­-set created and stored in the device memory, we usually start by choosing the most appropriate view for a given case. There is also a wide choice. We are not limited to set “vascular” programs. We can also use the options offered in the abdominal program and pre­-set for soft tissue if the machine has it.

There are a variety of standard pre­-sets these days depending on machine type and software:

■upper limb veins

■lower limb veins

■upper limb arteries

■lower limb arteries

■carotid

■soft tissues/superficial structures/thyroid gland

■abdomen/blood vessels/aorta and iliac vessels

■renal artery

In the appropriate pre­-set, we choose the base frequencies for B­-mode, color flow mapping (CFM) and their combinations with Doppler measurement. The system then acquires the most information from the range of set base frequencies (for example at the 6.5 MHz setting, this is 4–8 MHz). In B­-mode you will obtain a better image with a narrower display field. The central beam has the smallest deviation from the central axis of the probe. Larger display fields offer a clearer picture but at the expense of resolution. Similarly, in color view, we can set the size of the area from which the color signal will be acquired. A smaller area allows for a more accurate and detailed image, providing a better overall view.

To speed up signal processing and for better image quality, it is a good idea to choose only one focus in B­-mode. For the best image, place the focus on a particular site by adjusting the depth of the image or by adjusting the depth of focus. The image is further specified by selecting the appropriate type of processing (pre­-processing/ post­-processing), gain setting and compression.

Changes to some parameters may be of practical significance in the selected setting. For example:

■choice of displaying basic frequency (especially for B­-mode and color mapping)

■display range (scanning area)

■depth setting

■adjustment of image using signal gain and compression

■display settings using “pre­-processing” and “post­-processing”

■choice of focus, depth, etc.

The setting options naturally depend on the model and type of machine. Given the plethora of machines now available, there are many ways for modifying the technical settings and improving the image quality. Some devices have a simplification of these procedures called an image optimiser which initiates an automated digital imaging process.

1.2.2Examination of the deep vein system

Investigating the deep vein system of the lower limbs using ultrasound, requires use of different modes and machine settings. Approximately similar settings can be used in the same individual for areas of the groin and popliteal fossa unless the patient is significantly obese or has a hematoma or edema in the area. Special settings are required for the thigh, some for the proximal part and others for the distal part (Hunter’s canal). Mostly, linear probes with higher operating frequencies are used but sector probes also have their place here. The scans are done in the transverse plane but combination with the longitudinal plane is an advantage.

1.2.2.1Inferior vena cava and iliac veins

Examination of the deep veins in the area of the iliac veins and inferior vena cava is carried out in the anterior projection, in the oblique and possibly from the side. Clearer is investigation in the direction of the longitudinal axis of the vessels. The examinability of the pelvic region and inferior vena cava greatly varies within and between individuals depending on, among other things, intestinal gas and volume of fluid in soft tissues.

In the case of the pelvic veins, it is best to navigate using the pelvic artery with fol­lowing focus on the deep vein system. For investigation of the iliac veins, in addition to the different types of 2D imaging (B­-mode), PW Doppler and following flow rate in relation to breathing, PW Doppler and CFM are used and with lower operating frequencies. Linear probes are not optimal, not even probes with a frequency range from 3 MHz (for example 3–10 MHz). It is best to examine using sector probes with a lower frequency range, around 3–4 MHz. Cardiac probes with low frequency ranging from 2–3 MHz can be employed too. Of course, very small structures, such as smaller thrombi in the inferior vena cava will not be visible with these probes. The depth of the setting varies according to the body build of the patient around 7–17 (20) cm. After picking up the relevant vascular structures, it is advisable to adjust the depth range for the structure to be examined. The number of foci is reduced to one and posi­tioned to a depth of about 7–12 cm. The gain is increased (70–90 %) and compression reduced. CFM is set within ± 12–15 cm/s.

1.2.2.2Common femoral vein and popliteal vein

The best operating frequencies for the common femoral vein (v. femoralis communis) and popliteal vein (v . poplitea), are in the range 4–8 MHz. In normostenic and small patients, a linear probe is most commonly used with a pre­-set for the lower limb veins ranging from 5 to 7 MHz, where the moving valve can also be displayed. Other recommended settings: 5–6 cm display depth, higher gain, lower compression values, CFM (Doppler range) ± 12–20 cm/s, number of foci reduced to one and positioned at a depth of about 4 cm or adjusted to the depth of the structures under investigation.

In addition to linear probes, in hyperstenic, especially in obese persons and patients with edema, also used are sector probes with pre­-settings for the lower limb and abdominal veins. The operating frequency is usually between 4–5 MHz, with selection for higher signal gain (around 70–90 %), compression remains low (20–40 %). Depth of display can range around 6–10 cm, with the focus on the sites where we assume the investigated vascular structures will be. CFM produces good results with a setting of about ± 15–20 cm/s, especially for sector probes.

1.2.2.3Distal thigh (Hunter’s canal)

In the area of the lower half of the thigh (Hunter’s canal), lower operating frequencies (3–4 MHz) with higher gain are used. A sector probe can be used in the same patient with a reduction in operating frequency and CFM range (Doppler range). The focus is adjusted according to the body build of the patient, usually to a depth of around one third of the thigh diameter in the area under investigation. For orientation we use the artery because the femoral vein usually runs close to the femoral artery. For better display, examination from the back of the thigh (the same position in which we investigate the popliteal vein) is useful.





	
	


	
		Vážení čtenáři, právě jste dočetli ukázku z knihy Ultrasound examination of the lower limbs.

		Pokud se Vám ukázka líbila, na našem webu si můžete zakoupit celou knihu.
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                    GNU GENERAL PUBLIC LICENSE
                       Version 3, 29 June 2007

 Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.

                            Preamble

  The GNU General Public License is a free, copyleft license for
software and other kinds of works.

  The licenses for most software and other practical works are designed
to take away your freedom to share and change the works.  By contrast,
the GNU General Public License is intended to guarantee your freedom to
share and change all versions of a program--to make sure it remains free
software for all its users.  We, the Free Software Foundation, use the
GNU General Public License for most of our software; it applies also to
any other work released this way by its authors.  You can apply it to
your programs, too.

  When we speak of free software, we are referring to freedom, not
price.  Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new
free programs, and that you know you can do these things.

  To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights.  Therefore, you have
certain responsibilities if you distribute copies of the software, or if
you modify it: responsibilities to respect the freedom of others.

  For example, if you distribute copies of such a program, whether
gratis or for a fee, you must pass on to the recipients the same
freedoms that you received.  You must make sure that they, too, receive
or can get the source code.  And you must show them these terms so they
know their rights.

  Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

  For the developers' and authors' protection, the GPL clearly explains
that there is no warranty for this free software.  For both users' and
authors' sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

  Some devices are designed to deny users access to install or run
modified versions of the software inside them, although the manufacturer
can do so.  This is fundamentally incompatible with the aim of
protecting users' freedom to change the software.  The systematic
pattern of such abuse occurs in the area of products for individuals to
use, which is precisely where it is most unacceptable.  Therefore, we
have designed this version of the GPL to prohibit the practice for those
products.  If such problems arise substantially in other domains, we
stand ready to extend this provision to those domains in future versions
of the GPL, as needed to protect the freedom of users.

  Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of
software on general-purpose computers, but in those that do, we wish to
avoid the special danger that patents applied to a free program could
make it effectively proprietary.  To prevent this, the GPL assures that
patents cannot be used to render the program non-free.

  The precise terms and conditions for copying, distribution and
modification follow.

                       TERMS AND CONDITIONS

  0. Definitions.

  "This License" refers to version 3 of the GNU General Public License.

  "Copyright" also means copyright-like laws that apply to other kinds of
works, such as semiconductor masks.

  "The Program" refers to any copyrightable work licensed under this
License.  Each licensee is addressed as "you".  "Licensees" and
"recipients" may be individuals or organizations.

  To "modify" a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of an
exact copy.  The resulting work is called a "modified version" of the
earlier work or a work "based on" the earlier work.

  A "covered work" means either the unmodified Program or a work based
on the Program.

  To "propagate" a work means to do anything with it that, without
permission, would make you directly or secondarily liable for
infringement under applicable copyright law, except executing it on a
computer or modifying a private copy.  Propagation includes copying,
distribution (with or without modification), making available to the
public, and in some countries other activities as well.

  To "convey" a work means any kind of propagation that enables other
parties to make or receive copies.  Mere interaction with a user through
a computer network, with no transfer of a copy, is not conveying.

  An interactive user interface displays "Appropriate Legal Notices"
to the extent that it includes a convenient and prominently visible
feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the
extent that warranties are provided), that licensees may convey the
work under this License, and how to view a copy of this License.  If
the interface presents a list of user commands or options, such as a
menu, a prominent item in the list meets this criterion.

  1. Source Code.

  The "source code" for a work means the preferred form of the work
for making modifications to it.  "Object code" means any non-source
form of a work.

  A "Standard Interface" means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that
is widely used among developers working in that language.

  The "System Libraries" of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form.  A
"Major Component", in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system
(if any) on which the executable work runs, or a compiler used to
produce the work, or an object code interpreter used to run it.

  The "Corresponding Source" for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts to
control those activities.  However, it does not include the work's
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work.  For example, Corresponding Source
includes interface definition files associated with source files for
the work, and the source code for shared libraries and dynamically
linked subprograms that the work is specifically designed to require,
such as by intimate data communication or control flow between those
subprograms and other parts of the work.

  The Corresponding Source need not include anything that users
can regenerate automatically from other parts of the Corresponding
Source.

  The Corresponding Source for a work in source code form is that
same work.

  2. Basic Permissions.

  All rights granted under this License are granted for the term of
copyright on the Program, and are irrevocable provided the stated
conditions are met.  This License explicitly affirms your unlimited
permission to run the unmodified Program.  The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work.  This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

  You may make, run and propagate covered works that you do not
convey, without conditions so long as your license otherwise remains
in force.  You may convey covered works to others for the sole purpose
of having them make modifications exclusively for you, or provide you
with facilities for running those works, provided that you comply with
the terms of this License in conveying all material for which you do
not control copyright.  Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of
your copyrighted material outside their relationship with you.

  Conveying under any other circumstances is permitted solely under
the conditions stated below.  Sublicensing is not allowed; section 10
makes it unnecessary.

  3. Protecting Users' Legal Rights From Anti-Circumvention Law.

  No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such
measures.

  When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such circumvention
is effected by exercising rights under this License with respect to
the covered work, and you disclaim any intention to limit operation or
modification of the work as a means of enforcing, against the work's
users, your or third parties' legal rights to forbid circumvention of
technological measures.

  4. Conveying Verbatim Copies.

  You may convey verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and
appropriately publish on each copy an appropriate copyright notice;
keep intact all notices stating that this License and any
non-permissive terms added in accord with section 7 apply to the code;
keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.

  You may charge any price or no price for each copy that you convey,
and you may offer support or warranty protection for a fee.

  5. Conveying Modified Source Versions.

  You may convey a work based on the Program, or the modifications to
produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these conditions:

    a) The work must carry prominent notices stating that you modified
    it, and giving a relevant date.

    b) The work must carry prominent notices stating that it is
    released under this License and any conditions added under section
    7.  This requirement modifies the requirement in section 4 to
    "keep intact all notices".

    c) You must license the entire work, as a whole, under this
    License to anyone who comes into possession of a copy.  This
    License will therefore apply, along with any applicable section 7
    additional terms, to the whole of the work, and all its parts,
    regardless of how they are packaged.  This License gives no
    permission to license the work in any other way, but it does not
    invalidate such permission if you have separately received it.

    d) If the work has interactive user interfaces, each must display
    Appropriate Legal Notices; however, if the Program has interactive
    interfaces that do not display Appropriate Legal Notices, your
    work need not make them do so.

  A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger program,
in or on a volume of a storage or distribution medium, is called an
"aggregate" if the compilation and its resulting copyright are not
used to limit the access or legal rights of the compilation's users
beyond what the individual works permit.  Inclusion of a covered work
in an aggregate does not cause this License to apply to the other
parts of the aggregate.

  6. Conveying Non-Source Forms.

  You may convey a covered work in object code form under the terms
of sections 4 and 5, provided that you also convey the
machine-readable Corresponding Source under the terms of this License,
in one of these ways:

    a) Convey the object code in, or embodied in, a physical product
    (including a physical distribution medium), accompanied by the
    Corresponding Source fixed on a durable physical medium
    customarily used for software interchange.

    b) Convey the object code in, or embodied in, a physical product
    (including a physical distribution medium), accompanied by a
    written offer, valid for at least three years and valid for as
    long as you offer spare parts or customer support for that product
    model, to give anyone who possesses the object code either (1) a
    copy of the Corresponding Source for all the software in the
    product that is covered by this License, on a durable physical
    medium customarily used for software interchange, for a price no
    more than your reasonable cost of physically performing this
    conveying of source, or (2) access to copy the
    Corresponding Source from a network server at no charge.

    c) Convey individual copies of the object code with a copy of the
    written offer to provide the Corresponding Source.  This
    alternative is allowed only occasionally and noncommercially, and
    only if you received the object code with such an offer, in accord
    with subsection 6b.

    d) Convey the object code by offering access from a designated
    place (gratis or for a charge), and offer equivalent access to the
    Corresponding Source in the same way through the same place at no
    further charge.  You need not require recipients to copy the
    Corresponding Source along with the object code.  If the place to
    copy the object code is a network server, the Corresponding Source
    may be on a different server (operated by you or a third party)
    that supports equivalent copying facilities, provided you maintain
    clear directions next to the object code saying where to find the
    Corresponding Source.  Regardless of what server hosts the
    Corresponding Source, you remain obligated to ensure that it is
    available for as long as needed to satisfy these requirements.

    e) Convey the object code using peer-to-peer transmission, provided
    you inform other peers where the object code and Corresponding
    Source of the work are being offered to the general public at no
    charge under subsection 6d.

  A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be
included in conveying the object code work.

  A "User Product" is either (1) a "consumer product", which means any
tangible personal property which is normally used for personal, family,
or household purposes, or (2) anything designed or sold for incorporation
into a dwelling.  In determining whether a product is a consumer product,
doubtful cases shall be resolved in favor of coverage.  For a particular
product received by a particular user, "normally used" refers to a
typical or common use of that class of product, regardless of the status
of the particular user or of the way in which the particular user
actually uses, or expects or is expected to use, the product.  A product
is a consumer product regardless of whether the product has substantial
commercial, industrial or non-consumer uses, unless such uses represent
the only significant mode of use of the product.

  "Installation Information" for a User Product means any methods,
procedures, authorization keys, or other information required to install
and execute modified versions of a covered work in that User Product from
a modified version of its Corresponding Source.  The information must
suffice to ensure that the continued functioning of the modified object
code is in no case prevented or interfered with solely because
modification has been made.

  If you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the
User Product is transferred to the recipient in perpetuity or for a
fixed term (regardless of how the transaction is characterized), the
Corresponding Source conveyed under this section must be accompanied
by the Installation Information.  But this requirement does not apply
if neither you nor any third party retains the ability to install
modified object code on the User Product (for example, the work has
been installed in ROM).

  The requirement to provide Installation Information does not include a
requirement to continue to provide support service, warranty, or updates
for a work that has been modified or installed by the recipient, or for
the User Product in which it has been modified or installed.  Access to a
network may be denied when the modification itself materially and
adversely affects the operation of the network or violates the rules and
protocols for communication across the network.

  Corresponding Source conveyed, and Installation Information provided,
in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying.

  7. Additional Terms.

  "Additional permissions" are terms that supplement the terms of this
License by making exceptions from one or more of its conditions.
Additional permissions that are applicable to the entire Program shall
be treated as though they were included in this License, to the extent
that they are valid under applicable law.  If additional permissions
apply only to part of the Program, that part may be used separately
under those permissions, but the entire Program remains governed by
this License without regard to the additional permissions.

  When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part of
it.  (Additional permissions may be written to require their own
removal in certain cases when you modify the work.)  You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

  Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders of
that material) supplement the terms of this License with terms:

    a) Disclaiming warranty or limiting liability differently from the
    terms of sections 15 and 16 of this License; or

    b) Requiring preservation of specified reasonable legal notices or
    author attributions in that material or in the Appropriate Legal
    Notices displayed by works containing it; or

    c) Prohibiting misrepresentation of the origin of that material, or
    requiring that modified versions of such material be marked in
    reasonable ways as different from the original version; or

    d) Limiting the use for publicity purposes of names of licensors or
    authors of the material; or

    e) Declining to grant rights under trademark law for use of some
    trade names, trademarks, or service marks; or

    f) Requiring indemnification of licensors and authors of that
    material by anyone who conveys the material (or modified versions of
    it) with contractual assumptions of liability to the recipient, for
    any liability that these contractual assumptions directly impose on
    those licensors and authors.

  All other non-permissive additional terms are considered "further
restrictions" within the meaning of section 10.  If the Program as you
received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further
restriction, you may remove that term.  If a license document contains
a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms
of that license document, provided that the further restriction does
not survive such relicensing or conveying.

  If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the
additional terms that apply to those files, or a notice indicating
where to find the applicable terms.

  Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions;
the above requirements apply either way.

  8. Termination.

  You may not propagate or modify a covered work except as expressly
provided under this License.  Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

  However, if you cease all violation of this License, then your
license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and
finally terminates your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some reasonable means
prior to 60 days after the cessation.

  Moreover, your license from a particular copyright holder is
reinstated permanently if the copyright holder notifies you of the
violation by some reasonable means, this is the first time you have
received notice of violation of this License (for any work) from that
copyright holder, and you cure the violation prior to 30 days after
your receipt of the notice.

  Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License.  If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10.

  9. Acceptance Not Required for Having Copies.

  You are not required to accept this License in order to receive or
run a copy of the Program.  Ancillary propagation of a covered work
occurring solely as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require acceptance.  However,
nothing other than this License grants you permission to propagate or
modify any covered work.  These actions infringe copyright if you do
not accept this License.  Therefore, by modifying or propagating a
covered work, you indicate your acceptance of this License to do so.

  10. Automatic Licensing of Downstream Recipients.

  Each time you convey a covered work, the recipient automatically
receives a license from the original licensors, to run, modify and
propagate that work, subject to this License.  You are not responsible
for enforcing compliance by third parties with this License.

  An "entity transaction" is a transaction transferring control of an
organization, or substantially all assets of one, or subdividing an
organization, or merging organizations.  If propagation of a covered
work results from an entity transaction, each party to that
transaction who receives a copy of the work also receives whatever
licenses to the work the party's predecessor in interest had or could
give under the previous paragraph, plus a right to possession of the
Corresponding Source of the work from the predecessor in interest, if
the predecessor has it or can get it with reasonable efforts.

  You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License.  For example, you may
not impose a license fee, royalty, or other charge for exercise of
rights granted under this License, and you may not initiate litigation
(including a cross-claim or counterclaim in a lawsuit) alleging that
any patent claim is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.

  11. Patents.

  A "contributor" is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based.  The
work thus licensed is called the contributor's "contributor version".

  A contributor's "essential patent claims" are all patent claims
owned or controlled by the contributor, whether already acquired or
hereafter acquired, that would be infringed by some manner, permitted
by this License, of making, using, or selling its contributor version,
but do not include claims that would be infringed only as a
consequence of further modification of the contributor version.  For
purposes of this definition, "control" includes the right to grant
patent sublicenses in a manner consistent with the requirements of
this License.

  Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor's essential patent claims, to
make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

  In the following three paragraphs, a "patent license" is any express
agreement or commitment, however denominated, not to enforce a patent
(such as an express permission to practice a patent or covenant not to
sue for patent infringement).  To "grant" such a patent license to a
party means to make such an agreement or commitment not to enforce a
patent against the party.

  If you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through a
publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner
consistent with the requirements of this License, to extend the patent
license to downstream recipients.  "Knowingly relying" means you have
actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient's use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.

  If, pursuant to or in connection with a single transaction or
arrangement, you convey, or propagate by procuring conveyance of, a
covered work, and grant a patent license to some of the parties
receiving the covered work authorizing them to use, propagate, modify
or convey a specific copy of the covered work, then the patent license
you grant is automatically extended to all recipients of the covered
work and works based on it.

  A patent license is "discriminatory" if it does not include within
the scope of its coverage, prohibits the exercise of, or is
conditioned on the non-exercise of one or more of the rights that are
specifically granted under this License.  You may not convey a covered
work if you are a party to an arrangement with a third party that is
in the business of distributing software, under which you make payment
to the third party based on the extent of your activity of conveying
the work, and under which the third party grants, to any of the
parties who would receive the covered work from you, a discriminatory
patent license (a) in connection with copies of the covered work
conveyed by you (or copies made from those copies), or (b) primarily
for and in connection with specific products or compilations that
contain the covered work, unless you entered into that arrangement,
or that patent license was granted, prior to 28 March 2007.

  Nothing in this License shall be construed as excluding or limiting
any implied license or other defenses to infringement that may
otherwise be available to you under applicable patent law.

  12. No Surrender of Others' Freedom.

  If conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License.  If you cannot convey a
covered work so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may
not convey it at all.  For example, if you agree to terms that obligate you
to collect a royalty for further conveying from those to whom you convey
the Program, the only way you could satisfy both those terms and this
License would be to refrain entirely from conveying the Program.

  13. Use with the GNU Affero General Public License.

  Notwithstanding any other provision of this License, you have
permission to link or combine any covered work with a work licensed
under version 3 of the GNU Affero General Public License into a single
combined work, and to convey the resulting work.  The terms of this
License will continue to apply to the part which is the covered work,
but the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such.

  14. Revised Versions of this License.

  The Free Software Foundation may publish revised and/or new versions of
the GNU General Public License from time to time.  Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

  Each version is given a distinguishing version number.  If the
Program specifies that a certain numbered version of the GNU General
Public License "or any later version" applies to it, you have the
option of following the terms and conditions either of that numbered
version or of any later version published by the Free Software
Foundation.  If the Program does not specify a version number of the
GNU General Public License, you may choose any version ever published
by the Free Software Foundation.

  If the Program specifies that a proxy can decide which future
versions of the GNU General Public License can be used, that proxy's
public statement of acceptance of a version permanently authorizes you
to choose that version for the Program.

  Later license versions may give you additional or different
permissions.  However, no additional obligations are imposed on any
author or copyright holder as a result of your choosing to follow a
later version.

  15. Disclaimer of Warranty.

  THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW.  EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.  THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU.  SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

  16. Limitation of Liability.

  IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

  17. Interpretation of Sections 15 and 16.

  If the disclaimer of warranty and limitation of liability provided
above cannot be given local legal effect according to their terms,
reviewing courts shall apply local law that most closely approximates
an absolute waiver of all civil liability in connection with the
Program, unless a warranty or assumption of liability accompanies a
copy of the Program in return for a fee.

                     END OF TERMS AND CONDITIONS

            How to Apply These Terms to Your New Programs

  If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

  To do so, attach the following notices to the program.  It is safest
to attach them to the start of each source file to most effectively
state the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

  If the program does terminal interaction, make it output a short
notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate
parts of the General Public License.  Of course, your program's commands
might be different; for a GUI interface, you would use an "about box".

  You should also get your employer (if you work as a programmer) or school,
if any, to sign a "copyright disclaimer" for the program, if necessary.
For more information on this, and how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

  The GNU General Public License does not permit incorporating your program
into proprietary programs.  If your program is a subroutine library, you
may consider it more useful to permit linking proprietary applications with
the library.  If this is what you want to do, use the GNU Lesser General
Public License instead of this License.  But first, please read
<http://www.gnu.org/philosophy/why-not-lgpl.html>.
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