
 

Likvor CELDA® System - Guidance to pulsatility curve results 

7020-0MD027-01 

 

 
 

Likvor CELDA® System 
Cerebrospinal Liquor Dynamics Analyser 

 

 

Guidance to read pulsatility curve results  

- using the Constant Pressure Infusion Protocol  

 

 

 

 

Likvor AB 

Tvistevägen 47 

Umeå 

Sweden 

 

 



2 Likvor CELDA® System - - Guidance to read pulsatility curve results                         

7020-0MD027-01 

 

 

 

  



 Likvor CELDA® System - Guidance to read pulsatility curve results                         

7020-0MD027-01 

3 

 

Introduction 
The pulsatility curve shows how the amplitude of the pulsations in intracranial pressure changes 

with the mean level of intracranial pressure (ICP). The appearance of this curve together with the 

baseline state of an NPH patient’s compliance since it determines whether or not implanting a shunt, 

and thus reducing ICP, can reduce the compliance, and in turn the ICP pulsatility. This has been 

supported in a research study[3], where the results also suggested that such an improvement in 

compliance and pulsatility was related to whether the patient improved clinically after the shunt 

surgery. While these results remain to be confirmed in a larger study, analysing the pulsatility curve 

can provide complementary information to the Cout results of an infusion investigation. 

 

This document is a guide on how to read pulsatility results for you as a user of the CELDA® System 

when using the protocol Constant Pressure Infusion. A theoretical background is given on the 

pulsatility curve and the mapping of it during the infusion protocol is detailed. Several examples are 

provided on how to interpret the results. For more details, see published material[1-4].  
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Theory 
The pulsatility curve (Figure 1) shows how the amplitude of the fast, cardiac-related pulsations in 

intracranial pressure (AMP) (y-axis in figure) changes with the mean level of intracranial pressure 

(ICP) (x-axis)[1]. This relationship is dependent on the compliance of the cerebrospinal fluid (CSF) 

system and the intracranial space. Compliance describes how changes in the volume and pressure in 

the CSF space relate to each other. At high compliance, a large volume change is needed to cause an 

ICP increase, while at low compliance, even a small volume increase can cause a large increase in 

ICP. Compliance is also dependent on the ICP level. In a wide range of ICP, compliance is inversely 

related to ICP. This corresponds to the commonly illustrated exponential relationship between ICP 

and volume[2]. Because small changes in arterial blood volume cause the cardiac-related ICP 

pulsatility, this exponential relationship determines the shape of the pulsatility curve.  

 

Because the small volume changes are of essentially equal size from one cardiac cycle to the next, 

the resulting relationship between AMP and ICP is linear, and the pulsatility curve becomes a 

straight line in this ICP range, where increasing ICP corresponds to increasing AMP. However, at 

lower ICP levels, compliance reaches a maximum point and ceases to increase even if ICP decreases 

further. This corresponds to the exponential relationship between ICP and volume becoming linear, 

while the linear relationship between AMP and ICP becomes constant (a horizontal plateau in the 

pulsatility curve). This constant plateau, or maximum compliance, often occurs at the lower ICP 

levels after shunt surgery, but may also appear at the baseline measurement of preoperative 

patients investigated for NPH. The baseline state (at resting ICP and AMP) of an investigated subject 

may thus be either an ICP dependent compliance (in the linear phase of the pulsatility curve), or a 

constant maximum compliance (in the plateau phase), see Figure 1. 

 

 

Figure 1. A theoretical pulsatility curve. It is a flat/horizontal plateau at low ICP and linear at higher ICP. Between the two 

phases is a transition, which corresponds to a change from constant, ICP independent compliance to ICP dependent 

compliance. The baseline state is illustrated by the green cross, the position of this cross on the curve will vary between 

individuals. 
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Mapping the pulsatility curve 
The pressure response from an investigation using the Constant Pressure Infusion protocol is 

illustrated in Figure 2 below. 

 

Figure 2. The pressure response of the infusion protocol constant pressure infusion. It consist of the steps: I) restore 

volume, II) baseline pressure measurement, III) pulsatility curve measurement, IV) Cout/Rout measurement and V) relaxation 

phase.  

 

The baseline state (also known as the operating point) on the pulsatility curve is obtained from the 

last 5 minutes of the baseline pressure (green cross in Figure 1). The data for mapping the pulsatility 

curve is obtained during the first 7 minutes of the infusion part of the investigation (Figure 2, III).  

 

First, the pressure is gradually reduced for 2 minutes, aiming at a total reduction to 0.8 kPa below 

resting ICP. This reduction is designed to allow for detection of the plateau phase of the pulsatility 

curve in a majority of patients. Determination of ICP pulsatility is especially sensitive to needle 

problems and poor connection. To achieve the most reliable results the needle with the best 

connection should be connected to the measurement needle, rather than the infusion needle. In 

case needle problems should occur, these should be corrected immediately, and if this cannot be 

done quickly and easily, or if they reoccur, it is recommended that this part of the investigation be 

skipped by pressing the button labelled “Increase pressure”, which will advance the protocol to the 

next step. Skipping this section will result in the mapping of a smaller range of the pulsatility curve, 

which will make these results more difficult to interpret, but it will not hinder the calculation of the 

Cout value. This is the only part of the Constant Pressure Infusion protocol, apart from a potential 

drain/tap test, where CSF is withdrawn from the system. Thus, there is no negative effect on the Cout 

calculation or the overall duration of the investigation from using the needle with the better 

connection and flow for the measurement tube. 

 

The ICP decrease is followed by a gradual increase in pressure lasting 5 minutes, from the minimum 

level to a level 1.5 kPa above the baseline pressure. This part of the protocol will allow for mapping 

of the pulsatility curve above the baseline value. During this part there is no withdrawal of CSF, and 

thus if ICP increases faster than desired, the pump will simply stop until it is again in the desired 

range. At the end of this part, ICP will be regulated to a constant level 1.5 kPa above the baseline 
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ICP, which means that ICP will continue to increase if this level was not attained during the pressure 

increase part. This provides the pressure increase needed to determine Cout. 

 

The mapped pulsatility curve and related parameters are then presented in the investigation report; 

these results will not be shown in the result tab while the protocol is ongoing, only an indication of 

whether or not the curve has been calculated will be shown. 

 

Interpreting the pulsatility curve results 
The pulsatility curve is mapped in a pressure range of approximately 2.3 kPa, 0.8 kPa below the 

resting ICP to 1.5 kPa above it. In most patients investigated for NPH this should allow for the 

detection of both the linear and the constant plateau phase of the curve[1]. During the data 

collection for the pulsatility curve, a pair of values of AMP and ICP will be determined for every 5 

cardiac cycles, which will correspond to a single red dot in the graph showing the pulsatility curve in 

the report file, see Figure 3. Along with these dots (representing the actual measurements), the 

estimated pulsatility curve will be shown as a solid black line, with a large black circle illustrating the 

upper end of the plateau phase of the curve, i.e. the highest end of the ICP range that corresponds 

to the minimal AMP level (the minimum point). In addition, the baseline state will be illustrated by a 

green cross in the graph. The location is quantified in the table presented below the graph in the 

report file, where the values of resting ICP and AMP (baseline state) are shown along with the 

minimal AMP and ICP (the minimum point). Also given is the RPPC[4], which is the slope of the linear 

phase of the curve. It is related to compliance, and is suggestive of how strongly compliance varies 

with ICP, rather than the absolute value of compliance at resting ICP. 

 

If the pulsatility curve was reliably mapped the red dots in the graph should be grouped 

symmetrically around the line in the entire ICP range (see Figure 3). If they are symmetrical but not 

tightly grouped, it may indicate strong physiological variations during the investigation. This does not 

necessarily indicate a poor estimate of the pulsatility curve (see Figure 6). The values presented in 

the table may be less precise in such cases as the values could represent different phases of these 

physiological variations. Therefore, conclusions should only be made if numerical results are also 

clearly supported by the graph.  

 

The following examples illustrate how to interpret the pulsatility curve graph and what it suggests 

for the potential improvement after shunt surgery. At the current state of research in this area, 

these results should be considered together with the Cout value and clinical state of the patient. They 

provide additional support for, or additional evidence against, shunt surgery. They should not be 

seen as an individual parameter that may explicitly exclude a patient from a recommendation for 

shunt surgery.  
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Example 1 Suggestive of a positive outcome from shunt surgery 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.34 

Resting pressure [kPa] 1.3 

Minimal AMP [kPa] 0.21 

Pressure at minimal AMP [kPa] 1.0 

RPPC 0.60 

Figure 3. Both phases of the pulsatility curve have been identified (values are clearly visible above and below the minimum 

point) and the resting values (green cross) are in the linear phase of the curve. The position of the operating point in the 

linear phase is further illustrated by resting ICP and AMP being larger than ICP at minimal AMP and minimal AMP, 

respectively, in the table. 

 

In Figure 3, the ICP reduction was performed successfully and the curve is mapped both above and 

below the resting ICP. Furthermore, both the plateau phase and the linear phase have been 

identified and the operating point (green cross) is clearly in the linear phase, at a distance from the 

minimum point in both ICP and AMP direction. This distance is given in the table, where the values 

suggest that in an ideal case, the resting AMP value could be reduced from the current value of 0.34 

kPa, to the minimal AMP value of 0.21 kPa, by reducing the ICP with 0.3 kPa. Thus, this example is 

suggestive of a positive outcome from shunt surgery. The reliability of this interpretation is 

supported by the fact that the red dots are closely grouped around the black line along the entire 

range of the curve, and that the green cross is overlapping the line. 
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Example 2 Suggestive of clinical outcome of shunt surgery that may not be favourable 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.21 

Resting pressure [kPa] 1.2 

Minimal AMP [kPa] 0.20 

Pressure at minimal AMP [kPa] 1.3 

RPPC 0.64 

Figure 4. Both phases of the pulsatility curve have been identified, and the resting values (green cross) are clearly in the 

plateau phase of the curve. 

 

In Figure 4 the curve is again mapped both above and below resting ICP, with the red dots and the 

green cross grouped closely to the line, and both the linear and plateau phase are evident. The 

resting values (operating point) are in the plateau phase, to the left of the black circle (minimum 

point). The pressure at minimal AMP in the table is higher than resting ICP, while the resting and 

minimal AMP are similar. All this suggests that the AMP level and the compliance cannot be 

improved by shunt surgery, and that the clinical outcome may not be favourable. 
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Example 3 A borderline example 

 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.21 

Resting pressure [kPa] 1.2 

Minimal AMP [kPa] 0.17 

Pressure at minimal AMP [kPa] 1.0 

RPPC 0.38 

Figure 5. Both phases of the pulsatility curve have been identified and the resting values are above the minimal point, but 

at a small distance from it. It is also in the section where the line is curving towards the plateau. 

 

Figure 5 shows a borderline example, where the pulsatility curve is reliably mapped, but the location 

of the operating point (green cross) is in the transition between the two phases. While the green 

cross is to the right of the black circle, the distance between them is small and the black line has 

started curving toward the plateau at the green cross. In the table the difference between resting 

and minimal AMP is less than 0.05 kPa, suggesting that the potential AMP reduction is very small. 

While this is not a strongly negative indication, it cannot be interpreted as a positive sign for shunt 

surgery.  
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Example 4 Suggestive of clinical outcome of shunt surgery that may not be favourable 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.21 

Resting pressure [kPa] 1.2 

Minimal AMP [kPa] 0.21 

Pressure at minimal AMP [kPa] 1.5 

RPPC 0.63 

Figure 6. The pulsatility curve was not mapped below the resting ICP, but both phases of the curve have been identified 

and the resting ICP is clearly in the plateau phase. 

 

Figure 6 shows that there was no mapping of the pulsatility curve below resting ICP. This suggests 

that the withdrawal of CSF part of the investigation was skipped/unsuccessful due to problems with 

it. Commonly, this will cause the pulsatility curve results to provide no information about the 

likelihood of positive outcome from shunt surgery, since it cannot be determined if the plateau 

phase of the curve starts just below the resting values or at a larger distance from them.  

Figure 6 illustrates the only behaviour where a useful conclusion can be made even though no ICP 

reduction was achieved, since both the plateau phase and the linear phase are still evident (this is 

likely an unusual occurrence). Given that the resting ICP is well below the value of pressure at 

minimal AMP in the table, this is an indication that outcome from shunt surgery may not be 

favourable.  

Also, note that the red dots in this example are not as closely grouped to the line as in the previous 

examples, but they are still spread symmetrically around the line across the entire ICP range. This 

suggests that while there may have been strong physiological variations during the investigation, the 

pulsatility curve was still reliably mapped.  

  



 Likvor CELDA® System - Guidance to read pulsatility curve results                         

7020-0MD027-01 

11 

 

Example 5 Deviation of measured pulse amplitudes and pressures from the curve 

A 

 

B 

 

Figure 7. In the top panel (A) a small group of red dots are far from the line, but the line fits the remaining groups fairly 

well and the resting values are clearly in the linear phase. In the bottom panel (B), the cluster of red dots with high ICP 

values and low AMP values has clearly affected the estimated pulsatility curve. Tables have been omitted. 

 

If, at some part of the curve, a group of red dots are far away from the rest, as in Figure 7 A and B, 

the shape and location of the curve may be unreliable. This may occur if the patient coughs, talks, or 

moves excessively during part of the investigation, which would then result in incorrectly estimated 

AMP/ICP values that affect the estimation of the curve. The software will attempt to filter out the 

most evident noise (e.g. if the tubing is moved), but some values may remain. It is therefore 

important to make notations of movement etc. In addition, the pump must be stopped in the case of 
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needle adjustment or if the patient needs to be seated temporarily, since values recorded during a 

pump stop will not be used for analysis.  

 

In Figure 7 A, the line matches the majority of the red dots well. The small number of dots in the 

isolated group, as well as their high AMP values suggests they may be due to coughing or 

movement. If this can be confirmed by notations in the report (e.g. if there was a notation of 

coughing during the relevant part of the investigation), this example can be interpreted as a positive 

indicator for shunt surgery, given that the resting values are clearly in the linear phase.  

 

In Figure 7 B, however, the isolated group has clearly affected the estimate of the curve, which does 

not fit the remaining dots well, and there is no estimate for the minimal point. In such a case, using 

the pulsatility curve to determine whether to recommend shunt surgery should be avoided. The 

combination of high ICP values and low AMP values of the isolated group of dots suggest that the 

patient may have been seated; if this was the case, a manual pump stop at the time would have 

excluded these values from analysis. 
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Example 6 No plateau phase detected but still an indication of positive outcome from shunt surgery 

 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.54 

Resting pressure [kPa] 1.9 

Minimal AMP [kPa] NaN 

Pressure at minimal AMP [kPa] NaN 

RPPC 0.72 

Figure 8. The pulsatility curve was mapped both above and below the resting ICP, but the plateau phase could not be 

detected, which makes the results less easy to interpret. 

 

Figure 8 illustrates a case where the plateau phase could not be detected even though the full ICP 

reduction was performed and the curve was mapped to 0.5 kPa below resting ICP. This does not 

provide a definitive distance from the operating point (green cross) to the minimum point (no black 

circle is plotted in the figure) and therefore the interpretation of the result are less straight forward. 

Since no minimal point was detected no value for minimal AMP or ICP at minimal AMP is presented 

in the table. The collection of red dots above the line at 1.5 kPa may suggest that the curve is 

transitioning to the plateau phase at this point, and that this could have been detected if ICP was 

reduced further, but it cannot be reliably determined.  

However, given that the resting AMP is approximately 0.25 kPa above this collection of points, the 

results can still be interpreted as a positive indicator for shunt surgery. If the green cross was close to 

the end of the mapped section of the curve, the lack of clearly identified plateau phase would mean 

that no conclusion could be drawn from the results, positive or negative, since the plateau phase 

may begin just below the lowest mapped ICP.  
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Example 7 Results should be disregarded 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.13 

Resting pressure [kPa] 1.2 

Minimal AMP [kPa] 0.10 

Pressure at minimal AMP [kPa] 1.0 

RPPC 0.30 

Figure 9. The pulsatility curve has been mapped about 0.2 kPa below the resting ICP. Though the beginning of the plateau 

phase has been detected, the actual plateau is not visible in the data, which means the validity of minimum point cannot 

be confirmed. 

 

Figure 9 shows an investigation where the full ICP reduction could not be achieved, either because 

part of the ICP reduction was skipped or because the ICP response to CSF withdrawal was slow. 

While the minimal point has been detected (and the corresponding values are presented in the 

table), the actual plateau cannot be clearly seen in the figure, since there is no data below the 

minimal point. This makes interpretation unreliable, as it cannot be visually confirmed that the 

minimal point detection is not an artefact. As in the example of Figure 5, the resting values are close 

to the transition between phases, hinting weakly at a negative result. However, if the minimum 

point is an artefact, the resting values may in fact be clearly in the linear phase. Therefore, these 

results should be disregarded when discussing whether to recommend shunt surgery.  
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Example 8 Results should be disregarded 

 

Parameters 

Resting pulse amplitude (AMP) [kPa] 0.36 

Resting pressure [kPa] 1.2 

Minimal AMP [kPa] 0.07 

Pressure at minimal AMP [kPa] 1.1 

RPPC 0.60 

Figure 10. Both phases of the pulsatility curve are detected and the curve is mapped both above and below the resting ICP, 

but the resting values are far from the curve. 

 

In Figure 10 the pulsatility curve has been mapped both below and above resting ICP and both 

phases of the curve are detected and visible. However, the resting values are far from the curve, 

meaning it cannot be determined in which phase the operating point lies. This type of phenomenon 

can occur either because of a physiological reaction taking place between the baseline registration 

and the ICP reduction part of the investigation, or because of measurement difficulties where the 

AMP values measured during the infusion part of the investigation were artificially low. 

In this case, the values presented in the table will be misguiding (with the ICP values potentially 

suggesting the opposite of the AMP values) and the results should be disregarded completely from 

the decision-making. While this type of graph may suggest poor AMP measurement, this should not 

automatically discredit the Cout value if the confidence interval is of an acceptable size. This is 

because the AMP measurement is more sensitive to the needle positioning than the Cout 

measurement, and the mean pressure levels seen in the graph are reasonable (no extreme jumps or 

inconsistencies in the collection of red dots).  
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Conclusion 
In conclusion, if the table and graph that describe the pulsatility curve both suggest that the resting 

AMP can be reduced (more than incrementally) by decreasing the ICP, this is a positive indication for 

shunt surgery. If the results show that the resting values are in or very close to the plateau phase, 

this does not support shunt surgery, but may not exclude the possibility of improvement if the Cout 

value or other indications suggest positive outcome. If either the red dots or the green cross is not 

well aligned with the estimated pulsatility curve, or if the minimum point is at the edge of the curve, 

no indication regarding shunt surgery should be based on the pulsatility curve results. For more 

details, see published material[1-4]. 
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