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Arterial line waveform whip

This chapter is relevant to Section G7(iii) of the CICM Primary Syllabus 2017, which asks the candidate for the examination to "describe the invasive and non-invasive measure of blood pressure, including limits and potential sources of error”. This is the reason why the waveform of blood pressure is the
form it is. This topic has appeared several times in past CICM documents. The question 2 of the first document of 2019 and the question 17 from the second Pope of 2016 from the First Party were specifically interested in the normal waveforms of the arterial line. In the Part Il exam, the trainees were
occasionally questioned about the possible information that can be derived from the tracement of the arterial waveform (this 30.2 of the second document of 2013). Questions about the change of waveform appeared also depending on its position in the vascular tree (this is 11.1 from the first document of
2010). Due to this, a short entry on "information derived from the waveform of arterial pressure” is available in the Reading section required for the examination of Fellowship, mainly as an update and a summary for the candidate of examination part Il of the time-poor. In short, the information derived from
the waveform of blood pressure is: From the measures: Systolic heart rate pressure Diastolic pressure (roral repeal) Medium arterial pressure (systemic perfusion) pulse pressure (high in AR, low in heart buffer or cardiogenic shock) Connected amplitude changes(Stress Pressure Variation) Anacrotic
limbs associated with aortic stenosis From the waveform: The slope of the anacrotic limb represents the aortic valve and the flow of LVOT wave lurred in AS collapse wave in systolic decline AS Rapido in the LVOTO Bisferiens wave in HOCM Low dichrotic heel in states with poor peripheral resistance and
position of the dichrotic notch as a reflection of the depreciation coefficient The blood pressure wave that is there is travels much faster than the real blood that is expelled. It represents the impulse of the left ventricular contraction, conducted through the aortic valve and the vessels along a fluid column (of
the blood,) then on a catheter, then on another fluid column (of the durum tube) and finally in your Wheatstone bridge transducer. It is interesting to note that some of the best resources for this were found during reading a bachelor's thesis of Rebecca Cunningham, a biomedical engineering student who
qualifies at the University of Massachusetts in 2012. It turns out that you really get to understand the human arterial wrist when you are trying to simulate it mechanically for the purposes of teaching insertion arterial line. Following his references he draws on a string ending in chapter 8, "Director Arterial
Blood Pressure Monitoring: Normal Waveforms" (p. 81) by Jonathan B. Mark Atlante del Monitoraggio Cardiovascolare (1998). For all purposes and purposes this source should be consideredPractically all illustrations in subsequent physiology texts on the subject have been borrowed or adapted to some
extent from this source. The waveform of the arterial wrist The waveform of the arterial impulse can be separated into three distinct components The systolic phase, characterized by a rapid increase in pressure at a peak, followed by a rapid decline. This phase begins with the opening of the aortic valve
and corresponds to the left ventricular ejection The dichrotic notch, which represents the closure of the aortic valve The diastolic phase, which represents the outflow of blood in peripheral circulation. The waveform can be separated into an anacrotic (upstroke) and dichrotic limbs (downstroke). The origin
of the term is from Greek dikrotos, which means "to fight twice" (krotos meaning "stroke"); anacrotic having been abbreviated by anadicrotic. The peak is correlated with the systolic blood pressure measured by a normal non-invasive cuff. The cough (i.e. the lowest reading before the next pressure wave)
is the diastolic pressure. The average arterial pressure (MAP) is calculated from the area under the pressure curve, which is a more precise way of doing so than the old method "diastolic more than a third time the pressure of the wrist". That method can get you in trouble. Consider the waveforms of blood
pressure below. Although with identical systolic and diastolic pressures, the area under the curve for a waveform is substantially smaller, leading to a lower MAP. Thethe waveform of pressure has different components, each invested with a sort of meaning. These components are: upstroke systolic peak
pressure systolic nonch dicrotic divastolic runoff end-diastolic pressure The meaning of these features is discussed in detail below. Temptation of the arterial pulse and ECG The systolic albo does not occur immediately after the contraction of the heart. On the ECG, the electrophysiological phenomenon
that signals the beginning of the sistole is the R wave. According to textbooks, the artistic impulse wave does not appear on the monitors until a delay of 160-180 milliseconds. Most of these timing recordings are performed in the heart catheter laboratory, using transducer catheters in the aortic root.
Therefore, this delay interval is probably different in real situations where the patient's arterial line is connected to the pressure transducer by a length of pipeline. For example, a man armed with a smartphone camera and a computer can easily determine that the delay is longer. The reasons for the delay
are not entirely related to the measuring apparatus. After the wave of R, the wave of depolarization must spread through the left ventricle, an isovolumetric contraction must take place, so the aortic valve must open, and then the aortic pressure wave must travel to the aorta and down the arm (at 6-10 m/s).
In general, knowing about this delay is significant only when you make some sort of decisions based onlt is. A classic application of such knowledge is when you try to manually set an aortic ball pump to a pressure trigger. Systolic risalto: This is ventricular ejection. Between the two components of the
pressure wave forward, this part is generated by the wave of 10m/sec rapidly evolving and corresponds to the acceleration of the aortic blood flow at the opening of the aortic valve. You could correctly surmise that things that affect aortic flow rates will also affect this component of the waveform. That
would be correct. The slope of this segment has a vague relationship with the rate of change in the LV pressure and with the competence of the aortic valve. When the slope of this component is slipped, there can be aortic stenosis. Although the change of pressure in time (dP/dt) of the systolic upstroke
must in some measure be linked to the force of the LV contraction, the utility or reliability of this relationship has never been proved convincingly. Esper and Pinsky (2014) cite several studies in conflict. Realistically, the way in which contraction LV influences the arterial systolic pressure upstroke must be
a complex contractivity game, aortic valve flow, arterial peripheral resistance, diastolic pressure, the LV electric activation model, and so on. Peak systolic pressure: This is the maximum pressure in the central arteries, generated during the systolic ejection. Peak systolic pressure is what you bleed. This is
the pressurethe hemostatic thrombo connects the vessels you have so thoroughly cauterized, and emphasizes the wall of the fragile aneurysm. The main contributions to this variable are LV contraction, central arterial compliance and reflected pressure wave. The systolic peak derives its form from the
influence of the reflected waves returning from the vascular tree. When the blood flows along the aorta, there is little resistance (it is a huge pot) and the average arterial pressure is relatively unaltered on its way to radial artery. Then, up to the arterial level, the resistance increases dramatically. This high
resistance tends to "wake" the waveform of impulse pressure, and the flow in arterial is much less pulsating than in larger arteries. As a result of this greater resistance (think more as a brick wall) pressure waves are reflected back towards the aortic valve. The point where this reflected wave makes its
contribution can also produce an "anthrotic noch" along the systolic upstroke, a visible shoulder in the rate of pressure change. The peak systolic pressure (and therefore also the pulse pressure) will be low in patients with highly-conformed vessels, because there is little wave reflection and because the
central arteries will willingly relax in response to the LV systolic flow. An excellent example of this is a newborn. In the adult, there is usually a lot of wave reflection backwards. The effect of these reflected pressure wavesUsually amplify systolic blood pressure and change waveform form. As it moves
further along the vascular tree, the reflected wave becomes more and more prominent, and moves further into systol. This was wonderfully demonstrated by Murgo et al (1980), which recorded the waveforms of pressure in the human aorta while gradually withdrawing the measuring catheter to the iliac
bifurcation. The image is reproduced here without any permission. Note that the wave reflected in the upper aorta is a late phenomenon, while at the bifurcation it merged completely with the systolic peak. Murgo and colleagues have also been able to demonstrate that this amplification increases as the
vascular tree becomes less complacent. When manually obclusive femoral arteries bilaterally, increased blood pressure of 10mm Hg increased blood waveform. peripheral vascular disease, heart failure, HOCM, vasodilated shock, irregular wrist, arteriovenous malformations and what you have - all these
have a certain influence on the waveform of blood pressure by means of delaying, exaggerating, reducing or accelerating pressure. Murgo et al (1981) and O'Rourke et al (1984) offer excellent explanations on how and why these things happen, and the effect of the states of disease is discussed in the
chapter on the interpretation of abnormal blood pressure wave forms. Amplification of the stem wrist The action of the reflected waves is ainfluence on systolic pressure, and the phenomenon is called the amplification of the distal systolic wrist. There is a famous diagram, reproduced in many textbooks,
which seems to come from the Gedde Blood Pressure Measurement Manual (1981). It demonstrates the change of systolic pressure that occurs as a result of moving ever further from the aortic root, stacking more and more of the reflex pressure waves accumulating at the top of the systolic peak. This
diagram is reproduced below in homage to Geddes, with modified love to demonstrate the individual components more clearly. It is not clear where Geddes obtained these waveforms, but it is likely that he and his students have registered them directly (perhaps directly in themselves). Alternatively, it can
be derived from previous works such as Nielsen et al (1974), which showed that systolic pressure in the rear tibial artery was about 25mm Hg higher than in the brachial. Synstolic reduction This is the rapid decline of blood pressure as ventricular contraction comes to the end. The fall of the pressure is a
period of time during which the eflux of blood from the central arterial compartment is faster than the influx of blood from the emptying left ventricle. In fact, in this period the flow from the ventricle is minimal (Wiggers, 1952). This decline is even faster when there is an obstruction of the left ventricular tract
(and the sistole stops abruptly before the left ventricle iswith the expulsion). Dicrotic notch and incisura This thing is widely believed to be the effect of the closure of the aortic valve. The valve closes and there is a sudden increase in pressure, while the volume of aortic blood suddenly discovers that it has
no other place to go, apart from peripheral circulation. In perfect circumstances, when measured in the aorta, this notch is very sharp and actually represents the closure of the aortic valve. In fact, when measured in the aorta the heel is called incisura, because it is cut in the waveform. However, the lower
the arterial tree the incisure disappears. It is replaced by the dichrotic notch, a mutant offspring of different waves reflected, only vaguely linked to the behavior of the aortic valve. The position and prominence of the dichrotic heel depend on many things. For one, it is one of the elements of the arterial
pulse that requires analysis of high frequency waves; Therefore it is one of the first details to disappear when the transducer system is overcrowded. The relationship between the incisure and the functional state of the aortic valve was well demonstrated by Sabbah and Stein (1978) who made pre- and
post-valve recordings of aortic pressure waves in human subjects. Not satisfied with this, they created a plexiglass model of the aortic root and mounted human valves in it (one that got in autopsy). The diagram below is from their classic paper. Observeof a distinct dichrotic note in the case of severely
calcified stenosis and rigurgito. In both circumstances, the valve fails to close normally, and the normal dichrotic notch model is lost. As you move forward in peripheral circulation, the incisure ends up being softened and softened. It is generally believed that the peripheral dichrotic notch owes more than
its shape to the vascular resistance of the peripheral vessels than to the closure of the aortic valve. This is best illustrated in this image, edited by O'Rourke via McDonalds Blood Flow In Arteries (6 ° ed). Observe as in the ascending aorta, the incisuring is distinct and sharp. It's clearly the valve. Since the
catheter is portrayed in the abdominal aorta, its sharpness and its distinct fade, and from 35-40cm is just a bump on the curve of the systolic decline. However, around the same time you start to notice the second pulse beat (the second stroke that gives rise to the dichrotic term). What people refer to as
the dichrotic notch is the cough before this peak, and - from the O'Rourke recordings - clearly distinct from the effect of the closure of the aortic valve. The latency of the dicrotic notch behind the systolic peak varies with the position of the arterial line, moving ever further from the systolic peak, as well as
descending the arterial tree. This is probably because some components of it is still related to the waves reflected by the closed aortic valve,it would take more time to get into the distal circulation. Once again, there is a frequently reproduced diagram showing the progressive migration of the dichrotic
notch (from Bedford RF: invasive blood pressure monitoring. In Blitt CD [ed]: Monitoring in anesthesia and critical care. New York: Churchill Livingstone, 1985, p 505). This diagram is also reproduced here, after being slightly harassed in lllustrator. Diastolic shutdown and the influence of the arterial
pressure of the tank The run-off diastolic is the pressure drop that occurs after the aortic valve is closed. There is no flow from the LV, but the pressure does not suddenly descend - rather, gradually decreases along an exponential curve. The reason for this is arterial "cushioning”, or the reservoir effect of
pumping blood into an elastic tube. This elastic recoil of large arteries contributes up to 40% to the volume of stroke (Wang et al, 2003); after the LV systole ceased this recoil maintains greater pressure in early diastol, pushing blood into peripheral circulation. This elastic recoil clearly contributes to the
shape of the waveform. Davies et al (2007) were able to separate the waveform of aortic pressure in a wave of pressure forward, a wave of pressure reflected backwards and arterial pressure of the tank. The shape of this tank pressure clearly has some relationship with the characteristics of the tank. The
beautiful flexible aorta of a young person is going to performto the calcified farm of aneurysm barnacle-encrusted of an old smoked. This was scientifically demonstrated by McVeigh et al (1999) which measured the arterial waveforms in a group of people of different ages. Observe their Figure 4,
reproduced below and modified to include the contribution from the arterial pressure of the tank. The waveform (a) represents the radial waveform of a person of 25 years, (b) is 47 years old, and (c) is 80. Now, those pink overlaps are purely in the author's imagination (they were not part of the original
image of McVeigh et al), but they illustrate the point. Beautiful complacent arteries of youth produce less pressure than the tank because they spread promptly in response to the systolic flow. In old age, the reservoir is much less complacent, and the pressure generated by pumping the blood into it will be
higher, deforming the shape of the diastolic defeat. End-diastolic pressure: This is the pressure exerted by the vascular shaft on the aortic valve. The non-conform tempered vessels will cause such pressure to be lifted. Soft vasoplegic vessels of a septic patient will offer little resistance, and diastolic
pressure will be lower. A regurgitating aortic valve will cause this pressure to be lower than normal, because instead of satisfying the aortic valve the pressure wave travels to the ventricle through the regurgitating jet. The diastolic pressure is what fills the coronary arteries, and should not be ignored. Pulse
pressure:the whole topic of pulse pressure and the variation of the pulse pressure is explored in excessive detail elsewhere, and so it is enough to say that: a very extended pulse pressure suggests an aortic regurgitation (as in diastol, the blood pressure drops to fill the left ventricle through the
regurgitating aortic valve) a very tight pulse pressure suggests heart failure, pryomonae or any other type of low shock ) numerous other differentials are possible, since the determining factors of the pulse pressure are the volume of stroke and arterial compliance, and these can of course vary for many
different reasons. reasons. what is whip in arterial line. what causes whip in an arterial line
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