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There are two main types of Doppler echocardiographic systems that are commonly used:

* continuous wave and
* pulsed wave 4asa .98 aiual) da gall 1alAIY) Aaild b g B saua Jadad Aalaif (e Gl e o Alia
s
These two systems differ in each of the transducer design, operating features, signal processing

procedures and types of information provided. For each system, advantages and disadvantages task, in

our opinion, the current practice of Doppler echocardiography requires some capability for both forms
(see figure 8.40). £)sily 8 LAY dadlaa cilpl )y Juidil) i juag AUl Jgaa aranali (o JS B Glallail) ())3a Calidy
SIS 5 a8l ey callali Gl g3 Gulil) s Jagladil Alad) A jlaall (Ll B Aaga ugas g L Je calldd IS8 Aadial) Cila glaal)
(8.40 JSal) kil cplcil)
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Figure 8.40: Schematic representation of the principle of continuous
and pulse wave Doppler.
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Continuous Wave Doppler (CWD) is an ultrasound imaging mode, which records blood flow velocities
along the length of the beam. 1t is the older and electronically simpler of the two kinds. Continuous wave
Doppler works basically with two different piezoelectric crystals, one permanently emitting ultrasound
and the other receiving all the echoes. These crystals are placed at angles from each other and thus
ultrasound waves can be picked up by the receiver. The transducer accomplishes dual function with one
half of the elements devoted to each function. One half of the elements are continuously sending sound
waves of a single frequency while the other half is continuously receiving the reflected signals. >3
bl g oY) sy pladd) Jsh o aall (3B e Jasy Al g Al puaal) (358 il pally g gudll g 98 B palisal) A gal)
G5 Gl sal) it Banly i 48 (hliaa (i ok g coabed JS B aienall Jlig Anga Jari e i) O Gilg Y
S gt (Say (Al g Glanl) Lgudary (8 Ll gJn <l olall 02 g oty o hual) aaen Jilliedd (5 JAY) g aila JSy A5 gual
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The advantage of CW Doppler

The important advantage of continuous wave Doppler is its ability to measure high blood velocities along
the ultrasound line (for example in aortic stenosis). <ile s (uld Ao g5 308 4 5 jaiual) b g3 da gal dageal) 3 jaal)
(oY) e B QG S o) Asigall (398 cla gal) bl Jgha e Allad) aal)

The Disadvantage of CW Doppler

The disadvantage is its lack of selectivity or depth discrimination. Since CW Doppler is constantly
transmitting and receiving from two different transducer heads (crystals) there is no provision for imaging
or range gating to allow selective placing of a given Doppler sample volume in space. As a consequence,
it reflects the ultrasound data from every red cell reflecting ultrasound back to the transducer along the
course of the beam. ey (o Jlaialy Jifian g Juus Jligd Y 1351 | Grand) Jaail) ol G0N L) s L33 ga cuml)
o Omra sligd Al anal ) aud g placadl (Uil 4l gy o) guaill a pdi o aan gy DB (i phall) A8l Y gaal (ppdlidia
o s AT B pa Aiguall (358 il gall (uSal 5] pan AulA JS (e A gual) (358 il gal) il (uSay Add (1M daiiy sliadl)
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Thus, true CW Doppler is functionally a stand-alone technique whether or not the capability is housed
within a two-dimensional imaging transducer. The absence of anatomic information during CW
examination may lead to interpretive difficulties, particularly if more than one heart chamber or blood
vessel lies in the path of the beam. <SS &) g gk daild 4585 4803 1) Lalil) (pa ga Addal) b gal) o8 ¢ Ml
copedil) Bl gra Al pandl) ol da pddl) laglaall Glé a5 B Y af dal) A ) gual J e JA13 B3 g3 ga 5kl
Sl e B g el ple g ol Alh B jaa (e JAS) Sl (S 1Y) Auald

It is possible, however, to program a phased array system to perform both twodimensional and CW
Doppler functions almost simultaneously. The quasisimultaneous CW-imaging uses a time sharing
arrangement in which the transducer rapidly switches back and forth from one type of examination to the

other. Because this switching is done at very high speeds, the operator gets the impression that both

studies are being done continuously and in real-time. During the imaging period, no Doppler data is

being collected, so an estimate is generated, usually from the preceding data. During the Doppler

collection period, previously stored image data is displayed. This arrangement usually degrades the quality
of both the image and Doppler data. a¥) 4l Cailig ¢1aY dda all 48 ghuaal) aUAT A (Saal) (e lld aag
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Color Flow Mapping &) s/ (3845 il A a

Color Flow Mapping (CFM) combines B-mode image format and Pulsed Doppler to provide a two
dimensional representation of blood flow in Real Time. %995 ;3al) Gauii G () )5 (3835 hai) A sy Jalsi
LAl A aal) ghail Ma ) AU Slad) (galadl il

The Doppler ultrasound lines, like B-mode lines, are sequentially scanned through the frame. Multiple

range gates are taken along the Doppler lines. The calculated velocity data is assigned a color to represent

a certain velocity and direction, and then displayed combining with the B-mode image at the original
location s3al) iyl gy 381 oy WYY A (e ealead JSSy cpuda gl Jaghad Jia ¢l g3 A gaal) (358 il gal) s ghad (yand oy
53 pon g o 5 cCopbinn ol A8 o AT o gunal A pual il (5 (ol oy s sl g (15 Bl
) sl B g,

Pulsed Wave Doppler “z:li L g3 da ga

The pulse is sent out, and the frequency shift in the reflected pulse is measured after a certain time. This
will correspond to a certain depth (range gating), i.e. velocity is measured at a specific depth, which can
be adjusted. The width is the same as the beam width, and the length of the sample volume is equal to the
length of the pulse. The same transducer is used both for transmitting and receiving. s 9 doasil) Jla ) o2
Ao ) (o o 51 (il ) Oyt (300 oo 155 130 5 A o 558 Sy Al Al b a0 J a5 (b
o i oy Al Joha (5 gl Al aaa Jhg dajall Gae (udi g paal) ALt (Sa o1l g cdaaa (Gas o
JLiiad) g Jle B0 A8t J gaa

A problem in pulsed Doppler is that the Doppler shift is very small compared to the ultrasound frequency.
This makes it problematic to estimate the Doppler shift from a single pulse, without increasing the pulse
length too far. 4 velocity of 100 cm/s with a ultrasound frequency of 3.5 MH?Z results in a maximum
Doppler shift of 2.3 KHz. The solution to this problem is shooting multiple pulses in the same direction
and produce a new signal with one sample from each pulse, the Doppler curve from this signal will be a

new curve with the frequency equal to the Doppler shift. (This means that a full package of pulses is
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considered one pulse in the sampling frequency sense). '3 bhua sligs A1) ¢} A il g b dlSdal)
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One main advantage of pulsed Doppler is its ability to provide Doppler shift data selectively from a small

volume of sample along the ultrasound beam (for example mitral valve inflow). The location of this

sample volume is operator controlled. The main disadvantage of PW Doppler is its inability to accurately

measure high blood flow velocities (velocities above 1.5 to 2 m/s), known as aliasing. Frequency aliasing
occurs at a Doppler shift that is equal to half of the PRF. Uy 55 ) anil) b gall i) JS3, Clagidas g
(I ALY (B85 JUal) Jaan o) A5 geaal) (398 il gally Jla Y plad Jsb Ao Alad) (a iua ada (e (BT L9 Al )
O ol Ay ) ubd aal) (38 Gl 8 de ) ade ga il cuall aSal) ddacd g 138 Adal) ana aBge b Lgladd Ay
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Nyquist Limit < 55 3

"Nyquist Limit" is the highest detectable velocity is limited by one half of the rate at which the
ultrasound lines are fired. Pulsed wave (PW) Doppler systems use a transducer that alternates
transmission and reception of ultrasound in a way similar to the M-mode transducer. One main
advantage of pulsed Doppler is its ability to provide Doppler shift data selectively from a small segment
along the ultrasound beam, referred to as the "sample volume". LES) (Say ds yu Jo) ga 1Mo & 0
ABUa Jsaa () dpcasil) A gall jlga daliif padiedi A5 guall (398 o gall Jaghd (§M) 4 oy (o3 Jaral) chual o juaily g
ol 51 ogua ) ) 5l) (sn) puda gl (g3 ABU) () gaal Aglin Ay sy At gl (3 58 il gl il 5 Jl ) (o sy
a2 puly Al L At gual (358 il gall placi sk 1o has £ 53 (o (AN JL Sl g3 Al iy b i 1o 41,8 A
Sradal

The sample volume is really a three-dimensional, teardrop shaped portion of the ultrasound beam (Figure

8.41). Its volume varies with different Doppler machines, different size and frequency transducers and

different depths into the tissue. Its width is determined by the width of the ultrasound beam at the selected
depth. Its length is determined by the length of each transmitted ultrasound pulse. 25V > s &ial) aaa
Y gaa g b gall B gl DAL daga Cilidy g (8,41 JSA) A gpual) (398 Cila gal) £lad (e dmad JSA o sl B 5 o
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Sample volume

Figure 8.41: The sample volume of PW Doppler is actually a three-
dimensional volume that a change in size at its location relative to the
transducer is changed. When placed in the far field. it becomes very large.

Angle of Incidence & sil) 4351

When the motion of the object and the transmitted beam are not parallel, it is necessary to correct for the
angular difference. Motion that occurs at an angle to the beam axis will result in a decrease in the
magnitude of the frequency shift and a lower calculated velocity. Therefore, the transmitted beam needs
to be parallel to the flow for the most accurate velocity. An equation is used to correct for the angle offset.
The transducer receives only the component parallel to the beam (Veos g). £l s pmall 48 a 0485 Y Ladic
paa A QR ) dajall ) gaa g dy gl aaad AN AS Al a5 90 ) AN goaal g gl (e il s Jou pall
pladia oy 4By JSY) Ao paud) o J guanll (BB 130 g Jenpal) o lal) (395 O g (A (38 4 gauna A8 g 23 A1) g3
dajall (53 gall ¢ gSall Jadd d8Ual) J gaa Juliewy 4391 31 A ) gaauald dlalaal)

An ultrasound pulse is transmitted into the tissues travels for a given time (time t) until it is reflected back
by a moving red cell. 1t then returns to the transducer over the same time interval but at a shifted
frequency. The total transit time to and from the area is 2¢. Since the speed of ultrasound in the tissues is
constant, there is a simple relationship between roundtrip travel time and the location of the sample
volume relative to the transducer face (i.e., distance to sample volume equals ultrasound speed divided by
round trip travel time). ¢ A 8 e uSaly s (a)) e 881 il g Ao ) A5 guall (398 Cila gal) iant Sl ) oy
(gl g Maaf | jaitia 235 ¢Sy dala 31 B _AAl (udl JNA ABUal) Jgaa ) SlId 2oy agay f AS jaia g pan 418 Adaid gy
2 s ABkial st Ll Ll sdad) <y o Aapy AB3le dlligh (Al Ao (B Aigall (358 Clasall Ao Y 1)k
By Ao daguuiia A5 gual) (598 Sl gall A8 puu (g ghaad Al paan ) Al () ABUY) J gaa A o Apeailly Al pa pBigag
s Gl i)
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This range gating is therefore dependent on a timing mechanism that only samples the returning Doppler
shift data from a given region. 1t is calibrated so that as the operator chooses a particular location for
the sample volume, the range gate circuit will permit only Doppler shift data from inside that area to be
displayed as output. All other returning ultrasound information is essentially "ignored". 3 (& i (14 g
DU Ladie Gy gt plae ol Al dllala (e Bailadl phga da) ) clily (g cilise AR JaBd o 685 o o5 4T Jo aaiay (glall)
aly il s Aiaial) Al JA1a (el 93 Aal ) ciliby (2 ja Jaid pramdian Uil 4 5 5 510 8 (Adal) aaad Uina a8 ga Jadiall
sl JS Bailal) 5 AN A guall (398 il gall Cila glra gran M JALaS

Another main advantage of PW Doppler is the fact that some imaging may be carried on alternately with
the Doppler and thus the sample volume may be shown on the actual two-dimensional display for
guidance. PW Doppler capability is possible in combination with imaging from a mechanical or phased
array imaging system. It is also generally steerable through the two-dimensional field of view, although
not all systems have this capability. «billy s saill liles (any AT (Say Al B Al gall (g AY) dpaasi H1) 3 jsal)
el a8 p)aind (e il Auladl) sl AL (i jal) AL Lo Al a8 O Al Sl g g
430 cm g 1 e calag) (il Ayl Jlana DA (pa e ISk A il B AT LS Ay A ghucna o (S0 g 90 S 030
J5dAl) s Lgual Aalat®) S Gl

In reality, since the speed of sound in body tissues is constant, it is not possible to simultaneously carry
on both imaging and Doppler functions at full capability in the same ultrasound system. In mechanical
systems, the cursor and sample volume are positioned during real-time imaging, and the two-
dimensional image is then frozen when the Doppler is activated. With most phased array imaging systems
the Doppler is variably programmed to allow periodic update of a single frame two-dimensional image
every few beats (figure 8.44). In other phased arrays, two-dimensional frame rate and line density are
significantly decreased to allow enough time for the PW Doppler to sample effectively. This latter
arrangement gives the appearance of near simultaneity. A&l awal) Aol & cgual) Ay Y 1385 cadlgl) B
LaliY) B Asiguall (§5d o gall gl udi A LgmBla JalSy jhgall g g geail) Chillh gy < gl) (il A oLl (iSaal) g (e
obsal) bl sie sa¥) 4l B ) geall dpand aly ol o Aal) gl (B gl ol Alal) paa g sdigall il Al (Al
AU Uy Agalal 8 ) gaal (g ) 9al) Cuaailly zlacall ptia ISy Hh g3 Aaa y ATl Ay shal) 48 ghuaal) i g gucill) Aalii] alina B
ISy ) ABUS g ¥ AU Uy Jama S5 ol (g JAY) Ay ) hal) b ghuaall Ay (8.44 JSA) cilidayi gy JS slad)
S AN el 3 sedia AN cui N 138 ey Jlad IS cilial) 3AY L gal BISH ¢ ol) Al s
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Figure 8.44: When the PW Doppler operates. it causes the two-dimensional
image to be held in a frozen frame. The image is periodically updated and
will usually appear as a blank on the spectral display (dashed lines).

Aliasing

There are fundamental limitations suffered pulsed wave systems. The aliasing phenomenon occurs with
pulsed ultrasound it is not possible to measure very high-flow velocities with accuracy. If the flow is too
fast it will be shown in the wrong direction and its velocity underestimated. This artifact shows as 'wrap-

round' top and bottom in the sonogram, and is known as 'aliasing’. The upper limit of the Doppler shift

(maximum Doppler frequency fp) which can be the pulsed wave system can record it properly or displayed

unambiguously is known as the Nyquist limit and is half the pulse repetition frequency (PRF/2). 258 &lia
ey b (Saal) 1 e g Aadanil) 435 puall (398 Cila gal) aa gz ail) 5AUS Giaad dpdanil) il gal) dakii] Lga cuile Al
dadall) oda jgdii Al pa JEI Al g (AalA) BlaiY) B Al e aliad ()3 Ly e (BN (LS 1)) 4By 13 Allad) (303
LY Ao aal) |1 latieeal) anI" anly G pad g A geall (598 Cila gall abadia B il ol o MAEIL LGS e 4 5
2 paly ity A el ¥ 08y Ao gl e (S Al dpdadl) il gal) Al (S sl (Shiga 238 ) g
ddagdl) ) 4S5 20 5 cual g g Gy 9S4

For example, if the Doppler shift frequency produced by the fast blood flow associated with a stenosis is
8 kHz, the PRF must be at least 16 kHz. This allows a listening time of only 60 us between pulses, in
which time the sound can travel to and fro through a depth of view of only 5 cm. The depth of the sampling
volume determines the PRF needed, and the PRF determines the maximum velocity that can be measured
without aliasing. Thus: sLS 8 8 (Gu&illy Jasi jall g pead) adll (3835 e @Il Hhga da ) 22,5 S 1) JEal) Jopw o
CSay B gl 13a g ccilidanil) (pyy Jatd Al Saa 60 Ay plaien) B g M iy (AW o Jia 5LS 16 QS O e i
Sy (Al (5 gl A8 paud) g g e plhaal) Al paa (Gas daagg KB aw 5 fln 4 e e Ll L JRIL 0 & guall
388z et 52 Wl Maximum velocity (cm s°1) x range (cm) % transducer frequency (MHz) = 4000
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¢ The risk of aliasing can he reduced by reducing the Doppler Effect by (a) using a probe of lower
frequency f or (b) increasing the angle 0, but both increase the error in the measured flow. (S
2032 LaaSIS (Sl el g 30 B () B 235 53 Jhesa alakid () (o 08 Slisd QS Bk 8 Rl bl s
Lol gdatl) A Uadl)

Low pulse repetition frequencies are employed to examine low velocities (e.g. venous flow). The longer
interval between pulses allows the scanner a better chance of identifying slow flow. Aliasing will occur if
low pulse repetition frequencies or velocity scales are used and high velocities are encountered (figure
8.46 and 8.47). Conversely, if a high pulse repetition frequency is used to examine high velocities; low
velocities may not be identified. (%5 G5 Jia) Ladiial) cle pud) pasd! Laiiial) ) ) <5 iy 5 asdiad
Cilaa i aladied Ala & 7 peil) Gidas ool (380400 paat Juab) dua b 4 gudal) grall ciliandl) (s J shaY) e 31 Jualdl) sy
235 aladia a3 13) el (o (uSall o (8.47 .5 8.46 JSal)) dulle ey dga) ga g A8 pul) Ganilia o) dudadiiial) dudall) ) S5
Alidid cle pud) paai 2y ¥ B cddlal) e pud) gaadl Mal) el S
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Figure 8.46: (a) Aliaking of color doppler imaging and artefacts of color. Color
image shows regions of aliased flow (yellow arrows). (b) Reduce color gain and
increase pulse repetition frequency.
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