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1.1. To state the problem being addressed by our product.

1.2.  To describe the need for the product.

1.3.  To provide background information that is not common knowledge.

2.0 Scope

2.1. Affects all other controlled documents as the originator for those ideas and specifications.
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PROBLEM

In order to improve the quality of perfusion device performance, a cost efficient, universal pressure monitor and alarm system is needed.  Currently, many different pressure-monitoring systems are in use from analog to digital, and most are not compatible with both roller and centrifugal pumps.  

BACKGROUND

Extracorporeal membrane oxygenation (ECMO) uses an artificial heart-lung machine to take over the work of the lungs.  ECMO is used most frequently in newborns and young children for such pathologies as meconium aspiration syndrome, persistent pulmonary hypertension, respiratory distress syndrome, congenital diaphragmatic hernia, pneumonia, heart failure, and respiratory failure caused by trauma, birth defect, or severe infection.  This procedure requires cannulas to be placed into the carotid artery and jugular vein to receive and return the blood from the perfusion device.  The patient’s blood leaves the body from the jugular vein and flows into the circuit.  A pump then pushes the blood through an artificial lung membrane, consisting of hollow fibers, where gases are exchanged.  The blood is then warmed to body temperature by a heat exchanger before being returned to the body via the carotid artery.  
Pressures are monitored pre- and post-oxygenator and volume is monitored pre-pump.  For roller pumps, a blood reservoir balloon monitors the volume of blood on the venous or pre-pump side of the ECMO circuit ensuring that the pump is not drawing more blood from the patient than it is returning to the patient.  This reservoir works with two magnets parallel to each other on opposite sides of the balloon.  When the volume of the balloon is too low, the magnets touch, thus triggering an alarm and automatic shut-off of the pump.  This alarm signals health care personnel to adjust pump flows accordingly.  An analog pressure gauge is located pre-oxygenator and post-oxygenator on roller pumps, while some hospitals use digital pre- and post-oxygenator monitors on centrifugal pumps.

The careful observation and regulation of pressures and volumes is essential to the health of the patient.  Should too much negative pressure occur, blood vessels would collapse, crushing blood cells.  Misshapen and dead blood cells not only inhibit oxygenation, but also increase the risk of clotting and embolism.  Increased pressures pre-oxygenator and decreased pressures post-oxygenator indicate a possible clot or malfunction of the oxygenator.     For systems that use a heat exchanger separate from the oxygenator, a high-pressure reading may indicate a clot in the exchanger or the need for a larger cannula size to return blood to the patient.  
CURRENT TECHNOLOGY


Although, the pressure monitoring system used in connection with most ECMO circuits provides sufficient monitoring, further improvement will lead to enhanced patient care.  The current system, using only monitors pre- and post-oxygenator, is not adequate in determining whether a malfunction is occurring in the heat exchanger or further down stream.  After product research, an ECMO pressure system that monitors post-heat exchanger pressure has not been found.  


In addition, many hospitals are still using analog pressure gauges that are very hard to read and often not clearly labeled either pre-or post-oxygenator.  The hard-to-read-nature of these analog pressure gauges may lead to inaccurate pressure readings.  Amtek, Continental Precision Instruments, and other companies offer analog gauges suitable for medical use. 
Even fewer circuits appear to have an alarm system associated with a pressure monitor, and of those that are equipped with alarms, no audible alarm has been found.  The analog gauges from the above mentioned companies do not include alarms.  Cole-Parmer and Cecomp Electronics offer digital display pressure gauges with programmable visual alarms.  These gauges are not approved for medical use and do not have the desired audible alarms to signal staff of an emergency.  

One technology has been found with audible alarms.  The COBE Cardiovascular SIII Pump Modulus is a console mounted control unit that measures other ECMO circuit statistics such as the temperature of the blood as well as percent oxygen saturation of the venous blood.  However, these variables may already be monitored using other equipment in established systems.  Additionally, this Pump Modulus can only be purchased from COBE as part of an ECMO circuit kit, which may not be ideal for established perfusion practices or hospitals that cannot afford a complete overhaul of their program.
PROPOSAL


A design of a three read-out digital pressure monitoring system with audible and visual alarms is proposed.  Pressure readings will be taken from a post-pump/pre-oxygenator line, a post-oxygenator/pre-heat exchanger line, and a post-heat exchanger/pre-patient line.  Figure 1 illustrates a common circuit with the proposed placement of pressure lines.  
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Figure 1. Proposed placement of pressure sensors within the venoarterial ECMO circuit

These lines would hold saline and run to a transducer, which would then translate the pressure into a particular voltage.  An A/D converter would sample the voltage off the transducer at a specific desirable frequency.  This information would be passed into a binary encoding circuit to assign a particular pressure to the voltage.  This pressure would be displayed digitally in mmHg on three 7-segment LCD displays (example: 142 mmHg).  This is shown below in Figure 2.
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Figure 2: Flow of pressure information signals from circuit to display.  Basic concept design.

Here, the three pressure lines run into three separate transducers (symbolized by pink ovals) and the resultant voltage signal runs into the digital readout box.  Within this box each signal would run through its own circuit to produce a separate readout for each pressure line.  Basic circuitry is shown in Figure 3.  
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Figure 3: Basic system layout of new device

A more detailed schematic of the circuitry is shown in Figure 4.  Highlights of the circuitry design include a programmable range, comparators for high and low alarms, switches to view the range while adjusting it, and LED’s which light when out of range.  The audible alarm will include an OR-gate in 6:1 and allow the signals from all three monitors to commence into one audible alarm.
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Figure 4.  Detailed schematic of circuitry.

The proposed system would be programmable depending on patient norms and diagnosed pathologies.  Therefore, when pressures deviate from this programmed range, an audible alarm will be sounded, and a light will flash indicating which of the three pressure lines is deviant.  This device would have one audible alarm indicator with a slightly different pitch from other alarms in the hospital.  A visual alarm indicator would be placed alongside the digital pressure readout indicating which pressure was deviating from the programmed range.  This would allow healthcare workers to be notified of a problem with the pressures across the oxygenator or heat exchanger.  A model of the placement of these indicators is shown in Figure 5.
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Figure 5.  Layout of human factor friendly programmable pressure monitoring alarm system.   

  Multiple design alternatives were considered before deciding on this, the final design.

The large rectangle will contain the three-digit display showing both the programmed pressure range for that component of the circuit or the current real-time pressure reading.  The top digital display shows the pressure pre-oxygenator; the middle display shows the pressure post-oygenator; and the lowest display shows the pressure post-heat exchanger.  This is consistent with the placement of the pressure transducers in the circuit.  The middle rectangle will contain a switch to allow the user to see what the set programmed pressure is currently (switch toward the user’s right) or to see current, real-time pressure in the system (switch toward the user’s left).  The final rectangle will contain a second switch to choose to set the high or low programmed alarm.  The circular regions above and below this switch are knobs that adjust the high or low alarms.  The upper knob adjusts the high alarm, and the lower knob adjusts the low alarm because a common association is made where upper indicates high and lower indicates low.  
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