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Used For:
Warming Units, Blood/Intravenous Solution [10-447]



Commonly Used In: 
Operating rooms, anesthesia departments, emergency departments, critical care areas, blood banks

Scope: 
Applies to all types of warmers that heat blood or solutions in-line as they pass from the fluid bag or infusion device to the patient; does not apply to unregulated water bath warmers (i.e., those with little or no control over bath temperature) typically used for warming and/or thawing blood products in the clinical laboratory or to pretransfusion microwave (radio-frequency) warmers

Risk Level: Medium

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 NA
	0 hours







Overview: 
Blood/solution warmers are typically categorized by the method of in-line heat transfer they use to warm incoming solutions. Types of heat exchangers include countercurrent fluid flow, dry heat, forced air, microwave, and regulated water bath technologies. Countercurrent devices pump heated water around the blood or solution in a direction opposite to its flow. Dry heat warmers use a disposable cassette, pouch, or tubing set positioned against one or two heated metal surfaces. Forced air warmers utilize convective warming by pumping heated air around a disposable tubing set. Microwave devices control blood or solution temperature through the use of noninvasive radiometric sensing, allowing immediate power adjustment. Regulated water bath warmers typically consist of a disposable bag or coiled tubing immersed in a controlled temperature bath.

Blood/solution warmers are generally used in the operating room by the anesthesia staff and occasionally in other clinical locations. Clinicians disagree on when a blood/solution warmer should be used. Although the temperature of refrigerated blood is one to six degrees Celsius, it is usually not that cold by the time it reaches the patient and blood is not typically warmed for infusion. Only under certain circumstances, such as during massive (i.e., more than three units) and/or rapid transfusion, is it widely agreed that blood/solution warmers should be used.   

Should a temperature controller malfunction and allow the blood to overheat, damaged or lysed red blood cells can be delivered to the patient. It is far more likely, however, that blood will be inadequately warmed (because flow exceeds the capacity of the warmer to heat the blood up to body temperature), which could significantly lower body temperature and further compromise the patient. 

ECRI Institute has no evidence that blood/solution warmers go out of calibration or that they do not stop and alarm if a malfunction occurs. Accordingly, the suggested interval for this procedure is once a year. However, the American Association of Blood Banks (AABB) recommends quarterly inspection of blood warmers, although it states that less frequent inspection is acceptable as long as it conforms to the manufacturer's recommendation. AABB inspectors expect all temperature measurements to be documented. 

Manufacturers should provide fluid output temperature data as a function of flow rate through a disposable set. Clinicians use such information in considering the actual contribution of a blood/solution warmer to patient thermoregulation. Although not required as a routine inspection procedure, assessment of this performance characteristic is covered in the Fluid Temperature acceptance test. Data from this testing should be used in evaluating a unit for purchase.

Test Apparatus, Supplies, Parts: 

· Electronic themometer (± 0.2°C)


· Electrical safety analyzer

Special Precautions: 
WARNING: Treat blood warmers as contaminated devices. Follow manufacturer-recommended decontamination procedures. (Also, see IPM Safety, for further details.)

Many warmers have special temperature measurement ports or accessories to assist clinical engineering personnel in determining heat exchanger temperature and alarm settings. However, even when properly used, these options may not correctly reflect the actual heat exchanger temperature, and the measurements obtained by these methods will not necessarily match the warmer's displayed temperatures. When using these options during quantitative inspections to determine display accuracy and alarm settings, check the service manual for correct thermometer or temperature probe placement and for allowable differences between measured and expected readings. Use a silicone heat sink compound to improve the contact between the thermometer or temperature probe and the measured surface. Be sure to remove the compound as soon as measurements are completed. If you find a slightly larger difference than expected between your measurements and the temperature values provided by the manufacturer, do not immediately remove the unit from use; this may be due to test error or subtle differences in test methods. Contact the manufacturer to determine whether such a difference (e.g., >0.5°C beyond service manual limits) is acceptable.

Testing alarms and thermostatic settings may require disassembly of the unit and temporary modification of the wiring. We hesitate to recommend such action as part of a routine inspection procedure because unskilled personnel may inadvertently damage the warmer; however, there may be no other way to determine whether the backup thermostat or overtemperature alarms are functional. For some warmers, temporarily bypassing the primary thermostat or similar control is the only way to determine whether backup or safety thermostats are functioning properly. Personnel responsible for inspecting blood/solution warmers must recognize their own limitations and, where appropriate, seek qualified help when performing this test. Return the warmer to its normal operating condition immediately after completing the test. Perform the Display Accuracy and Temperature Control test or the Temperature Controller Performance test after the High-Temperature Protection test to help ensure that the warmer has been correctly returned to its proper operating condition.

Procedure: 
Be sure that you understand how to operate the equipment, the significance of each control and indicator, and the alarm capabilities. Before beginning an inspection, carefully read this procedure, the operators manual, and the inspection and preventive maintenance procedures recommended by the manufacturer (typically included in the service manual). Use the BiomedicalBenchmark Support Assessment Form to document a maintenance decision that reflects past experience with this type of equipment and the environment where it is used. Then use the IPM Procedure Customization Tool to modify this procedure as needed; the program will generate a documentation form with the corresponding changes.

Qualitative tasks: Chassis/Housing.
Examine the exterior of the warmer for cleanliness and general physical condition. Be sure that plastic housings are intact and are not cracked, that necessary assembly hardware is present and tight, and that there are no signs of spilled liquids or other serious abuse. Check that all doors, hinges, and closure mechanisms work properly. Examine the interior surfaces where the disposable set will contact the heat exchange medium. Remove any corrosion, debris, or fungal buildup that may interfere with the temperature-sensing mechanism or heating of fluid in the disposable set.



IV Pole Mount.

Examine mounting clamps, bolts, and other mechanisms for cracks and a secure fit. Verify that a water bath warmer is reasonably stable when filled with water and mounted on the IV pole and will not tip over easily during transport.



Base Supports .

If the warmer has a freestanding capability, check that all rubber feet or other supports are securely in place. Remount or reglue any loose supports to ensure stability and adequate clearance for any components (e.g., overtemperature alarms, reset features) that may be located on the base of the warmer.



AC Plug.

Examine the AC power plug for damage. Attempt to wiggle the blades and determine whether they are secure. Check for fluid infiltration in the plug. Shake the plug and listen for rattles that could indicate loose screws. If any damage is suspected, open the plug and inspect it fully.



Line Cord .

Inspect the cord for signs of damage. If damaged, replace the entire cord or, if the damage is near one end, cut out the defective portion. Be sure to wire a new power cord or plug with the correct polarity. After any modifications, make sure that the line cord is long enough to preclude the need for an extension cord.



Strain Reliefs.

Examine the strain reliefs at both ends of the line cord. Be sure that they hold the cord securely.



Circuit Breaker/Fuse .

If the warmer has a switch-type circuit breaker, check that it moves freely. If the warmer is protected by a fuse, check its value and type (as well as those of any spares provided) against that marked on the chassis or in the instruction manual.



Temperature Sensor (water bath units).

The temperature sensor of a water bath warmer may be located at the base of the water well. Inspect its sheath or surface for corrosion and mechanical integrity. Many units provide some form of protection or grid to isolate the disposable set from the temperature sensor and/or heaters. Confirm that the grid is in place and fits properly. Replace the grid if it is excessively corroded.



Controls/Switches .

Examine all controls and switches for physical condition, secure mounting, and correct motion. Where a control should operate against fixed-limit stops, check for proper alignment, as well as positive stopping. Check membrane switches for membrane damage (e.g., from fingernails, pens). During the course of the inspection, be sure to check that each control and switch performs its proper function. If the switch has a protective boot to guard against fluid infiltration, make sure that the boot is intact and protects the switch.



Heater(s).

If the heater component is readily available for visual inspection without disassembly, examine its physical condition (e.g., corrosion of its sheath, deteriorated insulation). Operate the warmer to ensure that it does heat up and that the display follows a reasonable pattern of increasing temperature. If the warmer has an indicator light to show that the heater is operating, check that it functions normally.



Indicators/Displays.

Confirm the operation of all lights, indicators, meters, gauges and visual displays on the warmer. Be sure that all segments of a digital display function.



Alarms.

Many warmers have an alarm-test feature that activates their audible and visual alarms. If so equipped, operate the warmer, actuate this feature, and ensure operation of the high-temperature alarm. Otherwise, circulate hot water (50° to 60°C) through an installed disposable set, and verify that the alarm activates and that the heater cycles off. Most water bath warmers do not have an alarm-test feature, but the overtemperature alarm can be easily triggered by filling the well with hot water (50° to 60°C).



Audible Signals.

Operate the warmer to activate any audible signals. Confirm that the signal can be easily heard in the area in which the warmer is used.



Labeling.

Check that all necessary placards, labels, conversion charts, and instruction cards are present and legible.



Accessories.

Verify that all necessary features and accessories have been supplied with the warmer. At least one copy each (two are generally preferred) of the instruction and service manuals, including schematics, should be shipped with the unit and filed in the central equipment file. A copy of the instruction manual should be kept with the warmer and read by all operators before the warmer is put in use.



Alignment Features for Disposable Sets.

Check for loose or missing pins, blocked channels, or missing guides that may hinder placement of the disposable set. Using the manufacturer's instructions, position the disposable set and check that it is secure.



Quantitative tasks: Grounding Resistance. 
Measure the resistance between the grounding pin of the power cord and exposed (unpainted and not anodized) metal on the chasis. Grounding resistance should not exceed 0.5 W. If the unit is double insulated, grounding resistance need not be measured.



High-Temperature Protection. 
Determine the warmer's various means of protection against overheating blood. If the manufacturer has provided a detailed method by which backup controllers and alarms can be tested, follow this procedure. Otherwise, obtain schematics and/or instructions to bypass the primary temperature control (see Special Precautions).

If there are no procedures available, first bypass the primary temperature control in the warmer (by shorting or opening it, as appropriate) and turn on the warmer so that the heater is controlled by the backup mechanism. Follow the manufacturer's recommended procedure for setting up the blood/solution warmer. With the thermometer or temperature probe in place within the heat exchanger, confirm that alarms go off at intended set points and that power to the heater is cut off at the intended settings. At no time should heat exchanger temperatures exceed 43°C. The difference between the values for alarm set points and backup control as given by the manufacturer and those observed on the blood warmer temperature display should not exceed 0.5°C. The difference may be greater for some warmers with alarms and backup control based on a thermostat with a lag. In these cases, check that the warmer is not alarming at a point different from the point observed in acceptance testing, measure the actual heat exchanger temperature in several locations, and ensure that it does not exceed 43°C upon activation of the alarm.

WARNING: Remove any bypasses installed for this test. If any recalibration is carried out involving a sealed potentiometer or thermostat screws, reseal them.



Temperature Accuracy and Control. 

Most temperature displays on blood warmers indicate heat exchanger temperature, not the exiting temperature of blood or fluid. Therefore, in most units, it is necessary to measure only the heat exchanger temperature and compare it with the displayed temperature to ascertain proper functioning of the display temperature sensors.

Note: Applying power to some warmers when they lack a fluid flow through the unit's disposable set may result in temperature overshoot and alarms that make assessing temperature sensor accuracy difficult. If the service manual indicates that it is necessary to establish a cold fluid flow through the disposable set before proceeding, skip this test and perform the Temperature Controller Performance test to determine display accuracy and temperature control.

To determine display accuracy and temperature control, position the thermometer or temperature probe against or within the warmer's heat exchange medium (some units require special accessories or have built-in ports for this purpose). If possible, position probes at three separate points within the heat exchanger and, if necessary, use a silicone heat sink compound to establish better thermal contact. The heat exchanger should be at room temperature before proceeding. Turn the warmer on and compare the unit's displayed temperature with the probe temperature(s) as the unit heats up and reaches a steady state. These temperatures should be within 1.0°C during warm-up and within 0.5°C during steady state. Observe the warmer for 5 min at steady state for proper maintenance of heat exchanger temperature. Allow a total of 15 to 20 min to observe temperatures, because some warmers require 10 to 12 min to warm up and reach a stable heat exchanger temperature.



Temperature Controller Performance. 
Note: This test need not be performed if the Temperature Accuracy and Control task can be successfully used to determine accuracy and temperature control. 

Position the temperature probe against or within the heat exchanger, using any special adapters or ports designated for this purpose but insulated from the disposable set. Use refrigerated (4° to 6°C) saline and maintain a flow of 500 mL/hr through the unit with an infusion pump. During heat exchanger warm-up, compare the temperature displayed on the warmer with the thermometer at three separate points. If the probe has been successfully insulated from sensing the temperature of the cold fluid, the display and the heat exchanger temperature measurements should be within 1.0°C. Allow the warmer to stabilize for 5 min, and compare probe temperature with the displayed temperature; the discrepancy should be within 0.5°C. Check that the operating range of the warmer, as determined from the display, conforms to values specified by the manufacturer.



Preventive Maintenance: Clean.
Clean the warmer's exterior and heating plates or bath. Clean debris from door hinges. The interior of water bath warmers should be rinsed and dried after each use.



Calibrate.

Calibrate if needed.
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