The GPCA Model ver. 0.9

FOR RESEARCH PURPOSES ONLY

Safety Requirements for the Generic Patient Controlled Analgesia Pump

This document lists safety requirements for the generic patient controlled analgesia (GPCA) pump model.  The requirements include safety features and constraints for the GPCA pump. Configuration parameters for the model are identified and enumerated based on these requirements. All values (indicated in red) are parameters that can be configured based on specific implementations or extensions of the GPCA. 
1. Infusion Control

1.1. Flow rate

1.1.1. The flow rate for the pump (for both primary and secondary infusions) shall be programmable.

1.1.2. At minimum, the pump shall be able to deliver primary (basal) infusion at flows throughout the range of fmin to fmax ml/hr.

1.1.3. Flow discontinuity at low flows (f ml/hr or less) should be minimal.

1.1.4. The basal delivery rate shall be programmable for durations of up to t hours.

1.1.5. An active basal shall continue to be delivered without change while programming basal rates.

1.1.6. The pump should maintain a minimum KVO (keep vein open) rate of x ml/hr at all times during infusion.

1.2. Flow rate accuracy

1.2.1. During extended operation, the flow rate shall remain accurate within ±n% of the rate setting for at least t hours of continuous use.

1.2.2. If the pump is equipped with a flow rate sensor and the flow rate exceeds the programmed rate setting by more than n% over a period of more than t minutes, or if the pump goes into free flow, the pump shall issue an alarm to indicate overinfusion of the patient. 
1.2.3. If the pump is equipped with a flow rate sensor and the flow rate is less than n% of the programmed rate setting over a period of t minutes, the pump shall issue an alarm to indicate underinfusion of the patient.
1.3. Volume to be infused (VTBI)

1.3.1. The VTBI (Volume to be Infused) settings shall cover the range from vmin to vmax ml.

1.3.2. The user shall be able to set the VTBI in j ml increments for volumes below x ml.

1.3.3. The user shall be able to set the VTBI in k ml increments for volumes above x ml.
1.4. Bolus Dose

1.4.1. A bolus dose shall be given when requested by the patient (normal bolus) or programmed to be administered over a period of time (square bolus).

1.4.2. The flow rate for the bolus dose shall be programmable.

1.4.3. The combined flow rate (basal rate + bolus dose rate) shall be limited by the maximum flow rate for the pump.   

1.4.4. A bolus dose shall not change the programmed (basal) flow rate.

1.4.5. A normal bolus shall take precedence over a programmed square bolus. The square bolus shall be suspended while the normal bolus dose is administered.

1.4.6. At the completion of the normal bolus dose, the square bolus shall continue delivery.

1.4.7. Delivery of a square bolus shall be distributed evenly over the duration of the bolus.

1.4.8. The pump cannot be programmed to have more than one square bolus at a time.

1.4.9. The maximum programmable duration for a square bolus shall be limited to x hrs.

1.4.10. No normal bolus doses should be administered when the pump is alarming (in an error state).

1.4.11. If a bolus request causes the bolus dose to exceed the maximum permissible limit (for a given time period), the pump shall issue a Dose limit exceeded alarm. 

1.5. Drug reservoir 

1.5.1. The reservoir volume and time remaining shall be calculated initially before an infusion is started. 

1.5.2. The calculated reservoir time shall be accurate to ±t minutes.

1.5.3. The reservoir time remaining shall be re-calculated every time the current basal flow rate is changed.


1.5.4. The reservoir time remaining shall be re-calculated at the beginning of every bolus dose. 

1.5.5. If the current value / calculated volume of the reservoir is less than x ml, and an infusion is in progress, a Low Reservoir alert shall be issued.

1.5.6. If the current value / calculated volume of the reservoir is y ml, and an infusion is in progress, an Empty Reservoir alarm shall be issued.

1.6. Pump suspend

1.6.1. When the option to suspend the pump is selected, the current pump stroke shall be completed prior to suspending the pump.

1.6.2. If the suspend occurs due to a fault condition, the pump shall be stopped immediately without completing the current pump stroke.

1.7. Data retention

1.7.1. If the pump is turned off, it shall retain the programmed dose settings and patient data for at least t hours.

1.8. Reverse delivery

1.8.1. During normal use and/or single fault condition of the equipment, continuous reverse delivery shall not be possible (from IEC 601-2-24).

1.9. Air-in-line alarm

1.9.1. An air-in-line alarm shall be triggered if air bubbles larger than x L are infused into the patient.

1.10. Occlusion alarm

1.10.1. An upstream occlusion alarm shall be triggered if the pump senses an upstream (fluid-container side) occlusion.

1.10.2. A downstream occlusion alarm shall be triggered if the pump senses a downstream (patient side) occlusion.

1.10.3. The downstream occlusion pressure limit shall be less than x psi.

1.10.4. The upstream occlusion pressure limit shall be greater than y psi.

1.10.5. When an occlusion occurs, the pump shall stop flow and alarm as quickly as possible (within a maximum delay time of t seconds).

1.10.6. After the occlusion is removed, the bolus volume released (i.e., the amount of fluid that had collected in the tubing during occlusion) should be most v ml.

1.11. Event / Error logs

1.11.1. The pump shall maintain an electronic log to record each external (user) event.

1.11.2. The pump shall maintain an electronic log to record each fault condition, and the associated alarm and/or alert issued.

1.11.3. Each log entry shall be stamped with a corresponding date/time value.

1.11.4. Information from the logs shall not be lost when the pump is turned off.

2. User Interface

2.1. Resistance to tampering and accidents

2.1.1. To avoid accidental tampering of the pump’s settings such as the flow rate/VTBI, at least two steps should be required to change the settings.

2.1.2. Changing settings, such as the patient’s weight or infusion duration, while the pump is infusing, should either not be allowed, or at least require confirmation.

2.1.3. The administration set should be designed to prevent compromising patient safety or cause an unacceptable flow error.

2.1.4. There shall be no multiple-key legal values. That is, there should be no legal inputs that require multiple keys to be pressed simultaneously. 
2.1.5. If the numeric keypad cover is broken or unlocked during infusion, the pump should issue an alarm to indicate illegal tampering.

2.2. User input

2.2.1. If the pump is in a state where user input is required, the pump shall issue periodic alerts/indications every t minutes till the required input is provided. 
2.2.2. The pump shall issue an alert if paused for more than t minutes

2.2.3. Clearing of the pump settings and resetting of the pump shall require confirmation. 
2.2.4. If the pump is idle for t minutes while programming a dose setting, the pump shall issue an alert to indicate that the user needs to finish programming/start infusion

2.2.5. If the pump is idle for more than t minutes while programming a dose setting, the pump shall issue an alarm and clear the dose parameters defined.

2.2.6. Each change in the dose settings must be confirmed before it is applied. 

2.3. Keypad

2.3.1. If a key that is not functioning as a repeating key is held down for t seconds, either through a fault condition, purposely by the user, or by inadvertently contacting another surface, the pump shall issue a Key depressed alarm.

2.3.2. A key that is depressed shall not be identified as a distinct key press for a period of t seconds 
3. Error Handling

3.1. Alarm signaling

3.1.1. Alarms should clearly indicate the specific problem causing the alarm condition.

3.1.2. Upon encountering an error condition, the remainder of any active bolus shall be cancelled.

3.2. Alarm silencing

3.2.1. It shall be possible to temporarily disable audible alarm signals; however, after silencing, the alarm should automatically reactivate after t minutes or less.

3.3. System checks

3.3.1. A RAM test shall periodically check different sections of the RAM through low-level drivers. 

3.3.2. A ROM CRC test shall periodically check different sections of the ROM through low-level drivers.

3.3.3. A CPU test shall be performed once every t minutes to check the processor’s code register. 

3.3.4. A System failure alarm shall be issued if any of the system checks fail.

3.4. POST (Power On Self Test)

3.4.1. On being powered on, the pump shall undergo a POST / power on self-test.

3.4.2. The system shall perform power-on self-tests (POST) for all devices and subassemblies possible without degrading normal operation.

3.4.3. The POST shall take no longer than t seconds.

3.4.4. The POST shall include the execution of the following tests: 

3.4.4.1. CPU test

3.4.4.2. ROM / RAM CRC test

3.4.4.3. Battery test 

3.4.4.4. Stuck key test

3.4.4.5. Watchdog test

3.4.4.6. Real Time Clock test

3.4.4.7. Tone test

3.4.5. Any failure of a test step during POST shall abort the remaining test steps and generate the appropriate alarm for the failure.

3.4.6. No bolus dose shall be possible during the POST.
4. Power and Battery Operations 
4.1. Battery voltage

4.1.1. An active battery voltage shall be measured for the pump throughout its operation at a frequency no less than once every t minutes.

4.1.2. The active battery voltage shall be calculated as an average of n consecutive battery voltage readings. 

4.1.3. The amount of battery life remaining shall be calculated as a function of the active battery voltage.

4.1.4. If the battery life remaining is less than t minutes, the pump shall issue a Low battery alarm. 

4.1.5. If the battery life remaining is less than t minutes, the pump shall issue a Battery depleted alarm. 
4.1.6. If the pump voltage does not increase to >x Volts within t minutes (k minutes when pump is idle), the pump shall issue a defective battery alarm to indicate that the battery could not be charged.

4.2. Leakage current

4.2.1. If patient leakage current greater than x mA is detected, the pump shall issue a Patient Leakage Current alarm.

5. Dose Error Reduction
5.1. Drug library
5.1.1. The pump shall include a programmable drug library configurable according to patient type (adult, pediatric, etc.) and care area (home care, ambulatory, clinic, etc.).
5.1.2. The drug library shall consist of the following entries:
5.1.2.1. List of all drugs that can be used with the pump.

5.1.2.2. The amount of drug to be infused, diluent volume and/or the drug concentration.

5.1.2.3. The dose mode for infusion (e.g., ml/hr, mg/min)

5.1.2.4. Hard and soft limits for the dose rate
5.1.2.5. Hard and soft limits for the volume to be infused (VTBI), where applicable
5.1.3. If the programmed infusion value is out of range of the upper or lower hard limit, the pump shall issue an incorrect dose entered alarm and prompt the user to re-enter the infusion value.
5.1.4. If the programmed infusion value is out of range of the upper or lower soft limit, the pump shall issue a warning indicating that a soft limit has been violated, and prompt the user for confirmation before starting the infusion. Indication of an overridden limit should be observable at least every t seconds.
5.1.5. The patient shall not be able to change the drug profile or settings for a drug in the drug library.

5.1.6. The pump should maintain a history log of drug library entries and the dates they were enabled.

5.1.7. A clear indication should be displayed any time the drug library is not in use. 

5.1.8. The drug library shall be updated every k days by downloading the latest version from a central repository.

5.2. Infusion settings
5.2.1. Changing the drug type shall stop any active infusion. 

5.2.2. Changing the drug type shall force a restart of the infusion. The reservoir time and volume shall be recomputed.
5.3. Pump defaults

5.3.1. The pump shall have certain in-built default settings corresponding to dose and flow rate parameters.

5.3.2. The user/patient shall not be able to change the default settings.

5.3.3. The defaults shall only be modified or configured by a pump administrator.

5.3.4. The administrator screens shall be protected by a secure login/password.

5.3.5. The defaults may consist of the following (not an exhaustive list): default basal flow rate, maximum flow rate, bolus units, time display format, minimum/maximum patient weight, minimum/maximum VTBI, default drug concentrations, minimum/maximum pressure ratings. 

6. System Environment

6.1. Operating conditions

6.1.1. The pump should be able to operate within a temperature range of tmin to tmax degrees C.

6.1.2. If the pump gets overheated to more than x degrees C, the pump shall issue a Pump Overheated alarm.

6.1.3. The pump should be able to withstand and operate under atmospheric pressure ranging from pmin to pmax mmHg.

6.1.4. The (external) pump should be able to operate at relative humidity ranging from hmin% to hmax % (non-condensing).

6.2. Supply voltage 

6.2.1. The pump shall be able to operate at voltages in the range Smin Volts to Smax Volts.
