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Automatic control of oxygen in preterm unstable infants
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Abstract

Preterm infants often need supplemental oxygen. Control of the oxygen of unstable pre-matures is time consuming. A system to automatically control the oxygen level should be a solution. Recently a system has been developed to automatically control the oxygen administration (FiO2) based on oxygen saturation (SpO2). This system however is in-sufficient for unstable prematures during disturbances. Our study is focussed on quantifying and identifying disturbances to find a transfer function between SpO2 and FiO2. Eight recordings have been made to identify disturbances, causing periods of hypoxia < 88% SpO2 (PoH). The PoH’s were categorised and analysed. No general or specific transfer function could be determined. Also no relation between duration and SpO2 of PoH’s could be found. 
1. Introduction

Premature infants need extra oxygen. The level of oxygen the premature is given has to be decided with care. In the present situation the nurse decides the level of the FiO2 based on the level of the SpO2 and on clinical parameters (Figure 1). The SpO2 of the premature has to be maintained into a range of 88-97 percent. If the premature is given less oxygen than needed (hypoxia) brain damage occurs. If the premature is given more oxygen than needed (hyperoxia) blindness will occur.

The risk of hypoxia for unstable infants is larger than for stable infants. For this reason, and the fact that the nurses have a very intensive job, nurses supply high oxygen levels and the upper boundary alarm is set at 100 percent. This is a primary cause of blindness.


Collaboration between Tuebingen and Vienna1) succeeded developing a proportional controller. It adjusts the FiO2 with maximum steps of 0.05. Each adjustment is followed by a ‘no action’ period of three minutes to establish a new steady state. Therefore its use is restricted on stable prematures in periods when no medical attention is needed. 


An automatic controller is most needed for unstable prematures, who are most proned to develop blindness and brain damage.


A nurse is able to control the saturated oxygen by hand, supported by additional information like colour, breathing etc. Considering this it must be possible to develop an automatically oxygen controller for unstable prematures. 


Our study is focused on disturbances, causing hypoxia with emphasis on external disturbances by medical attention, which may be amendable to active counter regulation. 
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Hypothesis: For identified and quantified external disturbances on unstable prematures, a specific or general transfer function between SpO2 and FiO2 exists.
Figure 1 Block diagram of the present situation

2. Method

Though the pressure of oxygen (PO2) is of most importance, the SpO2 is recorded for practical reasons. The problem is that the relation between SpO2 and PO2 is very complicated. The SpO2 is determined by a pulse oximeter, which measures by light absorption the ratio between haemoglobin and oxyhaemoglobin. The SpO2 is measured with a sample frequency of 0.25 Hz. The pulse oximeter also has a delay, because a damper is implied in the pulse oximeter. 


The FiO2 was notated every time the nurse made an adjustment. Also medical attendance by the nurse was described and noted down. Eight recordings have been made of six prematures in the Sophia Children’s Hospital. Patient information from medical files is listed in table 1). The average duration of a recording was five hours. Also data of two prematures from an earlier study2) has been enclosed, but patient characteristics are unknown. 
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The PoH’s were identified from the collected data. Difference is made between PoH’s that could be deduced to external disturbances and PoH’s that could not be deduced. 

For the PoH’s that could be deduced the Armax model estimates the transfer function. The Armax model is a numerical solving method for a closed loop system. The input in this model is the FiO2 and the output the SpO2. With help of the estimated bode plots made by the Armax model, a general transfer function, probably an integrator or a first order system, can be determined. The coefficients for the transfer function, like gain and time delay, should all be in a close range. Our criterion is a maximum difference of 5 percent between the maximum and minimum value of the coefficients.
3.  Results
Nurses adjusted the FiO2 during the measurements within a range of 1.2 - 6.47 adjustments per hour. The mean frequency of adjustments in FiO2 per hour was 2.78. 

Altogether 112 PoH’s have been identified. 25 PoH’s could be deduced to extern and 87 PoH’s could not be deduced. The mean duration of external and internal disturbances was respectively 492 seconds and 79 seconds. The mean SpO2 drop of external and internal disturbances was respectively 14.5 percent and 6.6 percent. Figure 2 points out there is no visual relation between the categorised PoH’s. 
Figure 2 All deduced PoH’s are plotted above. The left side of the x-axis indicates the time from medical attention until PoH. The right side of the x-axis indicates the duration of PoH. The y-axis indicates the lowest SpO2 level. The filled spots indicate PoH’s were FiO2 was adjusted. The blank spots indicate PoH’s where FiO2 was constant.  

Of the 25 external PoH’s that could be deduced only 12 could be analysed with the Armax model. Because the nurse did not always adjust the FiO2 during an external disturbance, so no transfer function could be estimated. Some of the external disturbances were influenced by each other or by internal disturbances and have been respectively combined or left out for calculation. From the bode plots an integrator was determined as general transfer function (Figure 3).  The range of the gain is 0.0015 - 0.0196. The range of the time delay is 15.48 - 65.00.

Some PoH’s were not suitable for numerical analysing due to a drop to extremely low SpO2 levels. Because the premature did not respond to the common oxygen supply and another way of oxygen was given. This situation cannot be improved by an automatically oxygen controller.
4.
Discussion and conclusions

The hypothesis is condemned. Not enough PoH’s deduced to specific external disturbances were identified and quantified. For this reason the coefficients of the transfer function could not be compared and no reliable specific transfer function could be determined. The coefficients of the general transfer function differed more than 5 percent so no general transfer function could be found. 


No relation between duration and lowest SpO2   level of categorised PoH’s could be found as seen in figure 2. There’s seems to be a trend line between PoH duration and lowest SpO2 level. A longer duration often leads to a lower SpO2 level. The PoH’s that could not be deduced are not plotted for visual reasons. They are all of short duration (around 60 seconds) and are scattered around a SpO2 of 80%. 

Many PoH’s could be identified but not analysed for the FiO2 was not adjusted. To make the outcome of this research more certain, more data of PoH’s deduced to external disturbances with a counter regulation of FiO2 is needed. 


In theory the chain FiO2 - SpO2 is assumed to be open. A change in SpO2 is a result of a change in FiO2. In reality FiO2 changes are also a result of SpO2 disturbances. It seems like the premature has more perturbations independent of the FiO2 than the other way around. In this case the reaction of the nurse on the premature is determent instead of the reaction of the premature. Random changing the FiO2 and measuring the results on the SpO2 could overcome this problem. Only this is impossible due ethical reasons.



The frequency of FiO2 adjustments of a nurse is 2.78 per hour. An automatically controlled FiO2 controller will regulate the FiO2 more regular. This makes it assumable that a better regulation of FiO2 is possible.
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Table 1 Characteristics of the recorded prematures












































Figure 3 Bode plots of 12 PoH’s. Most of the transfer functions were best approached by an integrator.
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