Incidents in Point of Care Testing

Incidents in Point of Care Testing (POCT) can often have the potential to affect patient outcomes, particularly when treatment decisions are made based on the results.  Below is a list of incident types with examples, which have been divided into pre-analytical, analytical and post-analytical incidents.
Pre-analytical

· Sample collection

Samples may be collected at the wrong time relative to a patient’s condition causing false results.  For example:

- Urine for a pregnancy test taken too early after intercourse to detect pregnancy, the patient may be falsely reassured by the negative result

- A blood gas sample taken only a few minutes after ventilator settings have been changed, insufficient time will have elapsed for a new steady state to be attained.

- A blood sample for Troponin taken too early after chest pain may be negative giving false reassurance that acute coronary syndrome has not occurred. 

Poor technique in obtaining specimens may result in insufficient sample, samples collected into the wrong container or poor quality samples.  For example:

· Using an alcohol swab to clean the skin prior to a glucose finger-prick test can result in falsely low results as alcohol inhibits the enzyme used to perform the test.

· Failure to clean the skin prior to lancing the finger for a glucose test can result in contamination from glucose on the skin from food substances which will falsely elevate the results

· A poorly taken arterial blood gas sample may be contaminated with venous blood that even in a small quantity can affect the results. 

· Sample treatment

Once the sample has been taken appropriate steps must be taken to ensure the quality of the sample is retained.  For example:

· A heel-prick sample from a baby to check for jaundice will deteriorate if exposed to light.

· A blood gas sample exposed to air will deteriorate with time as gas exchanges between the blood and the air.

· Failure to mix a sample with anticoagulant to prevent clotting may prevent successful analysis of the sample.

· Delays

If a sample is not analyzed promptly after collection the analyte(s) may deteriorate.  For example:

· A urine sample brought in for an outpatient clinic but taken hours earlier by the patient may give a normal glucose result due to metabolism by bacteria, however if analyzed promptly a large amount of glucose may have been present signifying possible diabetes.

· A blood gas sample will deteriorate over time especially for analytes such as oxygen, lactate and glucose.

· Patient identification

Errors in patient identification have the potential to be very serious.  Mis-identification can occur in numerous ways.  Errors in identification may cause the wrong result to be attributed to a patient, For example:

· Patients seen in accident and emergency departments may be treated and have POCT procedures carried out on them before being registered with a patient identification number. 

· Paperwork may be located beside the wrong patient

· Mistakes may be made in keyboard entry of patient identifiers.

· Operator identification, training & competence status

Tests may be carried out by untrained members of staff, the operator may not be identified or where passwords or barcodes are used these may be shared.  Untrained or incompetent operators may be unaware of the correct procedures and failure to follow them may cause false results.  For example:

· Some analyzers rely on the operator to ensure sufficient sample has been applied and will give incorrect results if insufficient is applied.

· Incidents have occurred where untrained operators have pressed a button to obtain a result, when in fact the result should appear automatically.  In this case the result obtained was actually for the previous test carried out on the device.

· Incidents have also occurred where untrained operators have mis-interpreted error codes, a result of ‘Err 3’ on a glucose meter which meant the result was over the range of the device and greater than 33mmol/L was interpreted as a result of 3mmol/L

· Limitations

Many devices have limitations such as interferences, cross-reacting substances or circumstances in which the results may not be accurate.  These may be overlooked and the consequences can be very serious.  For example:

· Glucose meters may suffer from interference from Maltose and other sugars.  Patient deaths have occurred due to this interference despite it being identified in manufacturer’s information.

· Any patient who is peripherally shut down will not produce accurate results from a capillary sample for glucose.  Again this is a well-recognized phenomenon but even with thorough training testing is still sometimes carried out inappropriately.  Results may be 50% lower from a capillary sample than a venous sample in these circumstances. 

· Pregnancy tests have been carried out on post-menopausal women, positive results then require significant follow up to ensure that there is no other reason for hCG to be found in the urine.

· False negative pregnancy test results have been obtained when the concentration of hCG in the urine is so high that the device is over-whelmed.  This is known as the hook effect. 

Analytical

· Operator error

Failure to follow the manufacturer’s instructions for use can result in inaccurate or false results.  For example:

· Many tests require accurate timing; there are many examples of this being overlooked such as false negative pregnancy test results due to the results being read too early, and false urine dipstick results due to incorrect timing.

· Tests may require a defined amount of sample to be applied in order to function properly.  Mistakes have been made in pregnancy testing when either too little sample is added resulting in false negative results or too much sample is added flooding the device and causing invalid results.

· Some devices will accept test strips not designed for them.  Such errors will result in false results and have occurred with urine dipstick readers.

· Device error

Devices may malfunction, the purpose of quality control, calibration, external quality assurance and maintenance procedures is to try to minimize and identify such problems.  However devices may still malfunction resulting in failure of an essential clinical service.  For example:

· Electrical or sensor errors may occur that only take place with biological fluids and not with quality control materials.  One such error occurred with a blood gas analyzer, which failed to produce lactate results on blood, but gave no errors with quality control, EQA or calibration material.

· Manufacturing errors in the past have resulted in the release of pregnancy tests that could not give positive results.  Because pregnancy tests have in built quality control this error may not be picked up for some time.  Such errors have resulted in large-scale patient re-calls.

· Quality Control 

Quality control is an important step in ensuring that POCT devices are functioning properly.  Errors relating to quality control may cause inaccurate results to be released.  For example:

· In some cases quality control is seen as a chore given to staff by laboratories that is not necessary.  Consequently QC may not be performed at regular intervals.  This may mean that a problem with results goes undetected for a long time and a significant number of patient’s are affected.

· Other incidents relating to QC include failure to act when quality control is found to be out of range and continuing with patient testing.

· Calibration

Incorrectly calibrated instruments can give inaccurate results.  Errors in calibration can be related to failing to calibrate with the correct factor or continuing to use a device when the calibration has failed.  For example:

- Incorrect calibration of a glucose meter has contributed to a patient’s death in the UK.

· External Quality Assurance

External quality assurance results can reveal errors with operator’s technique or device accuracy.  These can reveal previous patient results to have been inaccurate.  For example:

· False negative pregnancy test EQA results have shown operator’s whose eyesight was too poor to read faint negative results; errors in timing and performance in inadequate lighting to be able to read the results.

· Failure to perform external quality assurance samples may mask failures with equipment or operators, which can then continue to give inaccurate results.

· Maintenance

Failure to maintain equipment can lead to increased breakdowns and failure of equipment to produce results.  For example:

· Some devices need constituent parts to be regularly cleaned.  If this is not done the device will not be able to produce results, malfunctioning kit could prevent patient results being obtained in an emergency.

· Devices and consumables have storage requirements and expiry dates.  Devices have been used which have been incorrectly stored or which are out of date and therefore give inaccurate results.

· Health & Safety

It is vital that the health and safety aspects of POCT are addressed, this is particularly important with multiple-use devices that pass from patient to patient.   Incidents relating to health and safety include:

· Splashes of blood found on glucose meters that pass between patients and should be cleaned between every patient test. Potential contamination and spread of infection can occur.

· Lancets designed for single patient use have spread Hepatitis B infections in care homes when used for multiple patients.

· Failure to appropriately and promptly dispose of contaminated clinical material and devices could cause the spread of infections.

Post-analytical

· Result reliance

Staff may rely explicitly on results from POCT devices without question.  For example:

- A normal glucose result in a patient who is becoming more and more dehydrated may be relied on without question, when in fact peripheral shutdown is rendering the result invalid in this patient.  A case similar to this was related in the press several years ago when a patient died. 

· Interpretation of result

Healthcare professionals may fail to interpret results in the light of the clinical situation and relating to information given during training sessions.  For example:

· A blood gas analyzer reveals a patient to be profoundly hyperkalaemic.  Action is taken to treat this apparent hyperkalaemia, however there maybe no ECG changes or other supporting evidence for this.  A laboratory result is normal.  Blood gas analyzers cannot identify samples that are haemolysed (and give falsely high potassium results).

· A blood gas analyzer reveals a patient to be severely anaemic.  A cross match and units of blood are ordered, but the laboratory haemoglobin is normal.  Samples that have not been mixed and have been allowed to settle may give false haemoglobin results.

· Recording of results

Point of care testing results may be mis-filed in patients notes, or even completely missing from patient’s records, unlike laboratory results which are generally held within central computer systems.  Errors in patient identification may contribute to this.  For example:

- A patient is transferred from A&E to ITU.  On arrival in ITU a blood gas is performed and this totally contradicts the results from A&E.  The A&E results are not identified properly and actually belong to a different patient.

· Communication of results

POCT results may be subject to transcription errors or verbal communication errors.  For example:

· On audit of glucose meter results errors of transcription are commonly identified.

· Users have in the past communicated results to patients saying that they are ‘wrong’ because they have for some reason lost confidence with a device.  A negative pregnancy test has been reported as ‘wrong’ because it did not fit with the patient’s history.  Although it may be correct to question such a result if there is no explanation further investigation is required.  In this case the patient had had a heavy bleed 3 weeks previously and miscarried but had not disclosed this during discussions.

