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Infusion test as preoperative investigation before Shunt surgery 

The infusion test is performed to assess a patient's CSF system dynamics to aid in  
diagnosis and shunt surgery decision. The purpose with this white paper is to describe  
a preoperative investigation using an infusion test with the Likvor CELDA® System. 

 

The Likvor CELDA® System uses two pressure sensors to 
measure intracranial pressure (ICP) and a high-resolution 
peristaltic pump to perform accurate infusion of artificial 
CSF or drainage of CSF. These are built onto a sterile 
single use tube set that is connected to the patient by 
lumbar puncture. Solenoid valves control direction of 
CSF flow, through the sterile tube set, to or from the 
patient. The CELDA® Instrument carries a built-in laser 
allowing the instrument to be levelled to the patient, 
ensuring the accuracy of recorded ICP pressures. In 
addition to built-in hardware alarm limits, the software 
also controls the incoming data, ensuring that 
investigations are performed in a safe and controlled 
way. CELDA® System can determine the patient’s ICP at 
rest, and uses an infusion test to calculate the outflow 
conductance (Cout), and its inverse the outflow 
resistance (Rout)1, as well as the pulsatility curve. The 
infusion test can also be used to determine shunt 
functionality in patients that have received a shunt2,3. 
The CELDA® Instrument has two analysis protocols for 
preoperative and postoperative assessment of CSF 
dynamics. In both cases, the CELDA® Software calculates 
the mean ICP, the flow and the Cout, all in real time. 

Possible hydrocephalus 

There are several neurologic conditions where not only 
measurement of ICP but assessment of the CSF system 
dynamics is clinically important. In contrast to where ICP 
is measured directly inside the cranium, the CELDA® 
System measures indirectly via lumbar space, a 
procedure starting with a lumbar puncture. When 
normal pressure hydrocephalus (NPH) is suspected, 
several diagnostic tests are performed to aid in the 
diagnosis4. One is to assess the CSF dynamic system via 
an infusion investigation to estimate system 
parameters1,5. Many studies through the years have 
shown that an increased Rout is a good predictor for 
shunt responsiveness. Two large studies that 
investigated the predictive power of Rout have been 
positive6,7. The current guidelines for NPH concluded 
that measures of Rout increase the sensitivity for 
identifying patients who will benefit from shunting 
above that obtained with clinical assessment5.  

 

 

CELDA® preoperative investigation 

The infusion tests that are performed with the CELDA® 
Instrument utilizes a lumped-parameter model of the 
CSF system8–10. With the relationship between flow and 
pressure, and the mathematical model of the CSF 
system, the hydrodynamic properties can be 
characterized by estimating the system’s parameters1. 
Investigations using the CELDA® Instrument are to be 
performed after prescription of a professional physician 
and by a trained operator. An examination using CELDA® 
begins by preparing the equipment, filling the 
accompanying disposable tube set (the CELDA® Tool), 
balancing and controlling the pressure sensors and 
registering patient details. After performing a lumbar 
puncture on the patient, tubes on the tube set are 
connected to the lumbar cannulas. CSF samples can be 
obtained at this point. The patient is placed in supine 
position and the instrument is levelled with the patient 
using the built-in laser, and the data gathering begins. 

Figure 1 shows a typical pressure response during a 
preoperative investigation. Several infusion tests can be 
used to assess the cerebrospinal fluid (CSF) system 
characteristics. Constant pressure infusion (CPI), 
Constant flow infusion, Pressure levels, and Bolus 
infusion are all included in CELDA®. They differ in their 
use of infusion protocols and parameter estimation 
methods where the infusion can be either passive, with a 
pre-set infusion rate, or active, with pressure regulation 
via a controller. The passive includes the constant 
infusion and bolus infusion protocols1,6–8,11–13. The active 
approach to the infusion test is used for the constant 
pressure infusion (CPI) and Pressure levels10,14–16. The CPI 
protocol10,15 is set as the standard protocol for a 
preoperative investigation.  

The preoperative investigation using the CPI protocol is 
illustrated in Figure 1. As is similar for all infusion 
protocols, the CPI protocol begins with resting pressure  
measurement, which lasts for fifteen minutes, where the 
last five minutes are used for calculation of the resting 
pressure. Following this, the pressure is regulated over a 
range of values from 0.8 kPa (6 mmHg) below baseline 
pressure to 1.5 kPa (11 mmHg) above baseline pressure 
during 7 minutes (2-minute decrease/5-minute 
increase). This section is performed to allow for mapping 
of a large range of the Pulsatility curve. Following the 
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infusion is a relaxation phase lasting 10 minutes where 
the pressure decreases towards baseline pressure. At 
the end a tap test is possible to perform.  

Tap test 

The tap test is used to give an indication whether a 
patient will respond to shunt surgery. Both the lumbar 
infusion test and the tap test could predict a positive 
outcome of shunt operations in unselected patients with 
suspected NPH. The two tests are complementary and 
should be used together for optimal patient selection17. 

This suggests that the tap test and the infusion test, 
which both require the invasive access to the CSF 
system, should be incorporated into the same test. This 
is achieved in CELDA® by using the peristaltic pump. It 
has the possibility of both infusing fluid, needed for 
increasing the pressure in the infusion test, as well as 
withdrawing fluid. After the infusion investigation is 
completed, and when the pressure has returned to its 
baseline value, the investigation is ended by performing 
a tap, i.e. withdrawing 40 ml of CSF using CELDA®11. This 
methodology spares the patient of one lumbar puncture. 

 

Figure 1. The constant pressure infusion. It consists of the steps: I: restore volume, II: baseline pressure measurement, III: pulsatility curve 
measurement, IV: Cout/Rout measurement and V: relaxation phase. The red line indicates infusion/withdrawal of fluid. 

Results 

The Cout/Rout estimate (arrow 1), which is shown in real-
time during the investigation, will be presented with 
reliability estimates (arrows 2), see Figure 2. Next is the 
Pulsatility curve15,16 (Figure 3). It shows how the 
amplitude of the fast, cardiac-related pulsations in ICP 
(AMP, y-axis) changes with the mean level of ICP (x-axis). 
The baseline state of compliance (green cross in figure 3) 
is of relevance to the investigation of a NPH patient. It 
determines whether implanting a shunt, and thus 
reducing ICP, can reduce the compliance, and in turn 
reduce the ICP pulsatility. This has been supported by a 
research study16, where it was suggested that such an 
improvement in compliance and pulsatility was related 
to whether the patient improved clinically after the 
shunt surgery. These results should be considered 
together with the Cout/Rout value and clinical state of the 
patient, providing additional support for, or evidence  

 

against, shunt surgery. Software, through the monitor, 
which allows for entering of notes, e.g. when the patient 
coughs or moves during the investigation. After 
completion, all data is automatically saved into an 
instantly usable format and stored in an encrypted file 
on a memory stick. The CELDA® Instrument generates a 
pdf-file from the investigation. Results that are shown 
include resting pressure, the Cout/Rout with reliability 
intervals, infused volume. The resting pressure 
measurement is shown as a chart, as well as the entire 
investigation (figure 1) and a chart for Cout estimation as 
well as the pulsatility curve (figure 2 and 3). Data is 
displayed in real time on a touch-sensitive monitor both 
numerically and graphically throughout the examination. 
The operator interacts with the proprietary software, 
CELDA®  



 
 
 

 
Infusion test as preoperative investigation before Shunt surgery 
Copyright© 2017 Likvor AB  

7020-0MD024-02 

 

 

 

Figure 2. The outflow conductance estimate with reliability 
estimates. 

 

 

 

 

Figure 3. The pulsatility curve. The red dots correspond to pair of 
values of AMP and ICP. The estimated pulsatility curve will be 
shown as a solid black line. In a wide range of ICP, the resulting 
relationship between AMP and ICP is linear, but at lower ICP 
levels, the linear relationship between AMP and ICP becomes 
constant. In the graph, a black circle (arrow 1) illustrates the 
upper end of the plateau phase of the curve (the minimum 
point). In addition, the point for the patient’s resting ICP (and 
AMP) is illustrated by a green cross in the figure (arrow 2). The 
location of this cross on the curve shows the operating point of 
the patient, which determines how the ICP pulsatility and 
compliance can be altered by shunt surgery.  

Discussion 

A properly functional CSF system is of great importance. 
As knowledge of symptoms originating from a 
malfunctioning CSF system is continuously growing, the 
need for accurate and flexible tools to measure and 
describe CSF system conditions is becoming more and 
more important. The CELDA® Instrument is a complete 
system for measuring CSF dynamics. The instrument is 
pre-programmed with different protocols. The protocols 
cover the most common ways to investigate CSF 
dynamics without adding any new hazards. The CELDA® 
Instrument together with the sterile tube set CELDA® 
Tool combines many of the functions that are needed for 
exploring the characteristics of a patient’s CSF dynamics. 
The peristaltic pump, the valves, built in laser, pressure 
sensors, and the dedicated software is designed to work 
as a unit and offer an accurate and flexible system to be 
used for diagnosis or control of implanted shunts. When 
patients present with typical clinical symptoms 
indicating possible hydrocephalus, e.g. enlarged  

 

ventricles, the CELDA® Instrument aids in diagnosis and 
in identifying shunt responders. It is important that the 
produced estimates are reliable and can be interpreted 
accurately. An advantage of the infusion test is the 
objective assessment of the results, and that the results 
are independent on the performance of the patient 
and/or investigator. Investigations with Likvor CELDA® 
Instrument uses lumbar puncture to address the CSF 
system. Therefore, the practical and economical 
consequences are substantial. Lumbar puncture can be 
performed in an outpatient setting, where ventricular 
assessment necessitates hospitalization for 1-2 days 
including occupation of the neurosurgical theatre and 
post neurointensive monitoring.  

The Likvor CELDA® Instrument is designed for 
assessment of CSF dynamics, and to allow multiple well-
documented traditional examination methods to be 
performed with a single instrument in a controlled and 
safe way.
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