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An ambulatory elderly man presented to his dialysis unit for his regularly scheduled treatment.  His pre-treatment vital signs were normal.  His treatment was initiated uneventfully, and his first two recorded blood pressures were unremarkable.  The treatment sheet contains notation that the needles were taped securely and were (consistent with unit policy) plainly visible.  Subsequently his nurse, while attending to another patient at an adjacent station, noticed that blood was dripping onto the floor beneath the patient's chair.  No alarm had sounded.  The venous needle was partially dislodged and blood was found to have saturated the patient's clothing.  The patient was unconscious.  Blood pressure was unobtainable although a carotid pulse was present.  Full resuscitation efforts were initiated but were unsuccessful.  Hematocrit obtained during the resuscitation effort indicated a 50% blood loss.

The machine was quarantined and a manufacturer's technician evaluated its function; no defects were found.  The unit was fully staffed at the time of the event; the staff was experienced and there were no new trainees present.  The staff had no record of any prior adverse events.  The unit was a small unit with an open design; the patients were always visible to the staff.  According to the other patients present there were no changes in the routine of the unit that day.  The machine had an up-to-date record of preventive maintenance and was operating well within its expected lifespan.  

This scenario is typical of venous needle dislodgement episodes; the treatment was apparently routine, no obvious break in technique occurred, and no flaws are detected in review of the equipment.   Yet no alarm sounded to alert the staff.

In today's medicine we seek to find the "root cause" for adverse events, and within the matrix of complex contemporary care environments it is often possible to identify a situation or chain of events that leads to a tragedy.  The venous pressure detection capabilities of modern dialysis machines are limited, and thus it is possible for a needle to become partially or completely dislodged with resultant copious bleeding that does not trigger the venous pressure alarm.  This event, while fortunately rare, can and does result in death.

The actual incidence of this problem is not known with certainty, as there is a fear of reporting such events.  Enough continue to occur to trigger the release of a warning memo from one manufacturer, and literature that  accompanies new dialysis equipment stresses that the monitoring cannot be relied on to fully protect the patient.  The assumption is that the staff must provide vigilance to make up for the machine's defect in this area.

Either because of proprietary secrecy or constraints of pending litigation, the major manufacturers of dialysis equipment will not say at this time whether or not they are working on this problem.  No statements have been forthcoming from renal leadership groups, nor from any government body tasked with dialysis oversight.  Informal discussions include recommendations to use enuresis pads for monitoring of blood leaks; anecdotally we and others have poured blood on these pads and they have not alarmed.  Within current staffing constraints it will prove difficult to increase the frequency of monitoring, and it is not known if this will actually help although intuitively it seems that it would.

I believe that an aging dialysis population will present more future instances of needle dislodgement, and that there are limits to the safety that we can expect from taping and visibility protocols.  Other industries have multiple settings where maintenance and detection of flow in a system is critical, and devices based on optics, ultrasound, hydraulics, and electronics exist to detect flow or pressure changes.  We need, as renal care providers, to lobby more aggressively for an engineered solution to this problem.  I am not seeking to absolve dialysis providers from the obligation to perform careful safe treatments, but it is devastating for competent staff to lose a patient even when adhering to the standard of care.  This is not primarily a question of a break in technique, rather it is a technical weakness in the equipment we use.
This issue hangs over the question of home dialysis.  While many current protocols involve either a committed partner or dialysis during the day, the goal for some patients would certainly be dialysis while asleep, alone.  Distant monitoring is unlikely to be the answer for safety issues, as response times will inevitably be problematic given distance, locked doors, and weather.  One solution would be to use variations of the old single needle techniques, wherein the efficiency of a circuit  gives way to the recirculation inherent in reciprocating flow, but where the machine would either detect flow or air, with automatic cut-off if the latter.  We are about to enter clinical trials of such a machine, deliberately aimed for a long, slow treatment.

How do the needles become dislodged?  From prior experience with episodes of air embolism we have seen that some patients will rotate their arms while asleep, rubbing the needle against either their body or the chair.  This is often occurs with enough force to pull out even a taped needle.  For this reason we do not allow blankets or sheets to cover the needle insertion sites.  Other patients will pick at the tape or the needles themselves, even while awake.  Rarely another patient or staff member, or piece of equipment, will become entangled with the blood lines.  In most reported episodes there is no observed event that led to dislodgement of the needle.

Why isn't the blood loss noticed sooner?  Often the blood pools initially against the clothed body of the patient, or between the patient and the chair, and it is not until enough blood has been absorbed by the clothing and the chair that it is actually seen dripping.

From informal contacts with other nephrologists, dialysis staff, and manufacturers, I would estimate that the 7-10 deaths reported annually in the U.S. from venous needle dislodgement is perhaps one third or one fourth of the actual total.  This is a small fraction of the total treatments performed each year, but these are all tragic and theoretically avoidable deaths.  We should not accept that this is inevitable.

