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Chapter 1:
Introduction

The purpose of this document is to provide guidance in establishing and managing a medical equipment 
quality assurance (QA) program and to present detailed procedures for inspection, preventive maintenance, 
safety evaluation, and performance testing.

The intended audiences for this publication are those responsible for establishing and managing medical 
equipment QA program, and technicians performing inspections and device testing. Readers should have a 
basic technical background and some exposure to medical equipment in healthcare. The book does not pro-
vide background information on clinical or technical concepts or medical equipment principles of operation.

Medical equipment QA is part of an overall medical equipment management program for a healthcare facil-
ity or system. A complete program also includes corrective maintenance or repair, equipment control, asset 
management, health care technology planning, education, and activities directed toward improving medical 
device-related patient safety. 

The publication is organized into four primary sections:
• A glossary of terms
• Background information on establishing and managing a program including goals, methods, device inclu-

sion and rating criteria, and standards
• General and device-specific procedures and forms for inspection, preventive maintenance, safety evalua-

tion, and performance testing
• Basic information on international testing standards
Forms, tables, diagrams, illustrations, and photos are used to aid in the understanding of the content.

This publication takes into consideration the advances in device reliability, reduced preventive mainte-
nance requirements, and internal device surveillance (self test) along with changes in standards. Due to the 
ongoing efforts at global harmonization, international standards are used and referenced where applicable, 
such as electrical safety testing references IEC 62353.
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Chapter 2:
Definitions

A meaningful preventive maintenance program requires consistent terminology.  
This section contains practical definitions of terms used in this manual.

Adverse event Sometimes referred to as a device incident. An event or circumstance arising during 
care that could have or did lead to unintended or unexpected harm, loss, or damage.

Calibration The process of determining the accuracy of a device by comparing it to a known 
measurement standard. The device is then adjusted to agree with the standard within 
a recommended tolerance. Minor adjustments to achieve the specified accuracy are 
considered part of the calibration process. Major readjustments and parts replacement 
are considered repairs and are not included in the calibration process.

Class I medical equipment Electrical medical equipment with accessible conductive parts or internal conductive 
parts protectively grounded in addition to basic insulation.

Class II medical equipment Electrical medical equipment that uses double insulation or reinforced insulation for 
protection against electric shock in addition to basic insulation.

Clinical equipment Medical equipment used for diagnosis, treatment, or monitoring of a patient. Clinical 
equipment is further broken down to life-support and non-life-support equipment.

Clinical risk The risk associated with the clinical use of the equipment, taking into account how 
invasive the equipment is to the patient.

Corrective maintenance Also known as repair. Corrective maintenance entails isolating the cause of the device 
failure. Affected components are adjusted or replaced to restore normal function. A 
performance inspection is performed following corrective maintenance before the 
device is placed back into service to ensure proper operation of the device.

Device inclusion How a device is used determines whether or not to include the device on the 
managed inventory. The device inclusion categories include clinical equipment, 
utilities equipment, and general equipment. Most equipment on the inventory will be 
classified as clinical equipment.

Electrical safety testing Testing of equipment to assure it is electrically sound to avoid the possibility of 
microshock. Electrical safety testing involves testing the ground wire resistance, 
current leakage to the chassis, and current leakage to the patient leads.

Equipment inventory A record of medical equipment used in a facility. The inventory may include equipment 
that does not receive scheduled maintenance as well as managed equipment for 
tracking purposes.

Estimated time The estimated amount of time needed to perform the scheduled maintenance. 
The estimated time includes the time from test set up to the conclusion of the 
maintenance.

Exception testing Following scheduled performance inspections, only failures are documented. 
Equipment that has not been documented as needing repair or adjustment is assumed 
to be safe and ready for use. This method of testing is useful when performing 
preventive maintenance and performance inspections on a large number of devices.

General equipment Equipment that cannot be classified as either clinical or utilities equipment.

Incoming inspection A performance test performed on a piece of medical equipment before being put into 
use to verify the safety of the device.

Life support equipment Medical equipment that takes over a function of the human body and whose loss will 
cause immediate death.
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Maintenance interval Also referred to as testing frequency or the length between scheduled maintenance. 
Most commonly, the maintenance interval is given as a length of time (i.e. every 6 
months), but can also be given in hours of equipment operation (i.e. every 10,000 
hours).

Managed inventory A record of medical equipment used in the facility that only includes equipment 
requiring scheduled maintenance.

Mean time between failures The average time between failures of a device or system. This is used as an indication 
of reliability.

Nosocomial infection An infection contracted by a patient during a hospital stay.

Performance inspection A procedure to ensure a device operates appropriately. The device should meet safety 
and performance requirements of regulatory agencies, the healthcare facility, and the 
manufacturer. Performance inspections will vary by device type and each device type 
should have a written procedure that includes the characteristics that are tested, how 
to test them, and acceptable operational limits. Performance inspections are performed 
periodically to ensure proper operation of devices prior to being put into service for the 
first time, after a repair, or anytime the operation of the device is questioned.

Physical risk The risk associated with device failure.

Preventive maintenance (PM) Periodic procedures to reduce the risk of device failure. The maintenance interval may 
be based on time (e.g. every 12 months) or operational usage (e.g. every 1,000 hours). 
Preventive maintenance is designed to ensure continuous operation of equipment. 
Preventive maintenance tasks may include replacing parts, lubricating, and adjusting. 
Preventive maintenance excludes tasks normally carried out by the user.

Problem avoidance probability The likelihood of a device to fail, based on historic data related to medical equipment 
repair and maintenance.

Procedure Maintenance tasks that need to be completed for effective performance testing and 
preventive maintenance.

Quality assurance A systematic process of checking to see whether a product or service is meeting 
specified requirements.

Regulatory requirements Specific criteria that must be met as set forth in codes and standards. Regulatory 
requirements often have the power of law behind them from a governing body.

Repair Also known as Corrective Maintenance. Entails isolating the cause of the device 
failure and replacing or adjusting affected components to restore normal function. 
A performance inspection is performed following corrective maintenance before the 
device is placed back into service to ensure proper operation of the device.

Risk assessment The identification and quantification of possible hazards. A risk assessment involves a 
numerical scoring system to quantify the amount of risk.

Risk management A process by which possible hazards are identified and assessed. Procedures are put 
into place to minimize the risks from the identified hazards.

Standards Also referred to as codes. Guideline documentation of practices agreed upon by 
industrial, professional, or governmental organizations. The standard will usually 
establish a specific value used for evaluation compliance with the standard.

Utilities equipment Equipment that supports medical equipment, life support, infection control, 
environmental, communication, or critical utility systems.

User checks Also known as operator checks. Performance checks on medical equipment that can 
be performed by the clinical user. These are often simple operational checks that do 
not require the use of tools or test equipment.
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Chapter 3: Using a risk-based 
assessment for establishing a medical 

equipment maintenance program

Goals of the maintenance program
The goal of any medical equipment maintenance program is to ensure medical equipment is safe, accu-
rate, and ready for patient use. Quality assurance is achieved with periodic checks of the equipment. The 
purpose of establishing risk-based maintenance intervals is to provide high-quality, cost-effective inspec-
tions based on risk and function, historical data on problems found, and the effect of maintenance on the 
reduction of problems.

PM/Inspection procedures should be based on need that includes the maintenance requirements of the 
device, risk classification, device function, and history of incidents. Maintenance and performance inspec-
tions do not prevent random failures, particularly related to electronic equipment. Low risk devices do not 
need performance verification at the same frequency or intensity of higher risk devices.

Medical equipment should be evaluated to determine how often testing should be performed. If a device 
is not tested often enough, it may fail before the next scheduled maintenance or give erroneous results. If a 
device is tested too frequently, time that could be better spent maintaining other equipment is wasted. The 
biomedical professional’s job is to achieve a balance between the time and effort needed for periodic func-
tional testing and the safe use of medical equipment.

Risk-based inspection intervals
In order to maintain an efficient maintenance program, the frequency of inspection must be determined. 
Effort should be spent on equipment where testing is likely to have an impact on the continued safe opera-
tion of the medical device.

The University of Vermont has developed a risk-based system for determining maintenance frequency. 
Intervals are established for equipment inspection based on risk, requirements, logistics, and history. Written 
criteria are used to identify risks associated with medical equipment per the Maintenance Strategy Work-
sheet. The risks include equipment function, physical risks associated with use, and equipment history as it 
relates to patient safety. Life support equipment is specifically identified and receives the highest priority for 
actions.

Risk criterion is divided into five categories
Clinical function, physical risk, problem avoidance probability, incident history, and regulatory or manu-
facturer requirements. Devices are given a score for each of these categories. The scores for each category 
are added up and a total score is given for each device type. Maintenance strategies are determined based 
on the total score. The result is a more cost-effective test program that will result in improved patient care 
through less equipment downtime and more dollars for direct patient care activities.

A combined score of 13 or more is justification for semiannual testing, 
a score of 9-12 is justification for annual testing, and a score of 8 or 
less is justification for less than annual testing, either bi-annual or no 
scheduled testing, depending on clinical application. 
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The risks identified are used 
to assist in determining the 
strategies for maintenance, 
testing, and inspection of medi-
cal equipment. In addition, the 
identified risks are used to guide 
the development of training and 
education programs for staff that 
use or maintain equipment. All 
medical equipment is screened at 
the time of delivery and appro-
priate training and testing of 
new equipment takes place prior 
to use on patients.

The risk assessment should be 
done for each new device type 
during the incoming inspec-
tion when the device is added 
to the inventory. The device 
will then have a testing fre-
quency assigned. After this is 
done, the maintenance history 
of the device should be moni-
tored in order to evaluate the 
effectiveness of the maintenance 
program. The process is shown 
in Figure 3-1.

Assign  
inspection  
frequency

Complete  
Maintenance  

Strategy  
Worksheet

New device type 
added to inventory

Device has efficient 
testing frequency

Evaluate 
device 
history

Accumulate 
device 
history

Inspection  
frequency may  

be too low

Inspection  
frequency may  

be too high

Frequent failures or  
problems found  
during testing?

Infrequent failures  
and no problems found  

during testing?

Infrequent  
failures, some minor  

repairs or adjustments  
needed during  

testing?

No

No

Yes

No

Yes

Yes

Figure 3-1.
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Rating system for risk-based inspections
Most device types have been evaluated and classified for test frequency already. For new device types, use 
the scoring system to evaluate the frequency of testing.

Criteria: Choose one rating from each category Weight Score
Clinical function
No patient contact 1
Device may make contact with patient but function is non-critical 2
Device is used for patient diagnosis, or direct monitoring 3
Device is used to deliver direct treatment to the patient 4
Device is used for a life support 5
Physical risk
Device poses no appreciable risk due to failure 1
Device failure will result in low risk 2
Device failure will result in inappropriate therapy, misdiagnosis, or loss of monitoring 3
Device failure could result in severe injury to, or death of, patient or user 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1
Common device failure modes are unpredictable or not very predictable 2
While common device failure modes are not very predictable, device history indicates that TSP test-
ing frequently detects problems

3

Common device failure is predictable and can be avoided by preventive maintenance 4
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5
Incident history
No significant history 1
A significant history of incidents exists 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1
There are requirements for testing independent of a numerical rating system 2

Total Score:
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested)

A combined score of 13 or more is justification for semiannual testing.
A combined score of 9-12 is justification for annual testing.
A combined score of 8 or less is justification for less than annual testing (either bi-annual or no scheduled testing, depending on clinical 
application).
Anesthesia machines and vaporizers are recommended for testing three times per year.
Some blood delivery devices such as warmers may be required to be tested four times per year based on AABB or CAP requirements.

Maintenance strategy 
worksheet University of Vermont Technical Services Program
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Maintenance strategy assignment
Maintenance Program Check Ends Comment
Warranty: Attach coverage
Full manufacturers service contract
Manufacturers service contract with first look by TSP*
CAPP contract with first look by TSP*
TSP scheduled maintenance and repair
Hospital scheduled maintenance and repair
TSP repair on failure only
User maintenance only
Replace on failure only

Completed by: ____________________________________________________  Date: __________________________________

Clinical function is how invasive the equipment is to the patient. At the low end of this category is a device 
that does not make patient contact, for example, an exam light. The high end of this category is a device used 
for life support, such as a ventilator.

Physical risk is an evaluation of what will be the outcome if the device fails. At the low end is low risk; 
failure is more of an inconvenience than actual harm such as an otoscope. Failure of this type of device does 
not pose a threat to the patient’s outcome and the clinician can easily use an alternate device with little impact 
to patient care. At the high end is severe injury or death of the patient such as ventilator. Failure of this type of 
equipment can have a serious detrimental effect on the patient’s outcome.

Problem avoidance probability is based on historic data related to medical equipment repair and main-
tenance. The low end of this category is maintenance or inspection having no impact on the reliability of the 
device; the high end is common device failures are predictable and can be avoided by preventive mainte-
nance. This category also has an additional level, specific regulatory or manufacturer’s requirements that dictate 
preventive maintenance or testing.

The device incident history is also based on historic data. This category only has two scores, and is 
answered as yes or no. If a device had a history of being involved in an incident resulting in patient harm, the 
device would score high. Otherwise, the device would score low.

The last category is manufacturer’s or regulatory requirements. This is also either yes or no. If the device 
has a specific requirement for maintenance or testing, the device would score high, otherwise the device 
would score low. The chart shown gives the scores from the maintenance strategy worksheet for a few medical 
devices.

To illustrate the application of the Maintenance Strategy Worksheet, two examples are given below, outlining 
the use of the worksheet. The first example is the pulse oximeter; the second is the electrosurgical unit.

The pulse oximeter is a device used for non-invasive monitoring of blood oxygen levels. The clinical function 
category would score 3 because the device is used for direct patient monitoring. Physical risk would score 3 
because failure of the device would cause inappropriate therapy, perhaps not giving the patient supplemental 
oxygen, and/or loss of monitoring. Problem avoidance would score 2. Historically speaking, failures of pulse 
oximeters are unpredictable and impending problems are usually not uncovered during periodic testing. Both 

Device Type
Clinical 
Function

Physical 
Risk

Problem 
Avoidance 
Probability

Incident 
History

Manufacturer 
or Regulatory 
Requirements

Total 
Score

Testing 
Frequency

Ventilator 5 4 4 2 2 17 Semiannual
Electrosurgical unit 4 4 2 2 1 13 Semiannual
Infusion pump 4 3 2 2 1 12 Annual
Pulse oximeter 3 3 2 1 1 10 Annual
Exam table 2 2 2 1 1 8 Bi-annual

*Technical Service Program
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incident history and manufacturer/regulatory requirements score 1. Historic data does not show a history of 
incidents involving pulse oximeters and there are no specific requirements for maintenance of these devices. 
This gives the pulse oximeter a total score of 10. Based in the maintenance worksheet, this is justification for 
annual testing.

The electrosurgical unit is a device that uses high-frequency electric current for cutting or destroying tissue. 
The clinical function category would score 4 because the device is used for direct treatment of the patient. 
Physical risk would score 4 because failure of the device could cause severe injury to the patient. Problem 
avoidance would score 2. Historically speaking, failures of electrosurgical units are unpredictable and impend-
ing problems are usually not uncovered during periodic testing. Incident history would score 2. Historical data 
reveals that electrosurgical units have been involved with patient incidents. Manufacturer/regulatory require-
ments would score 1, as there are no specific requirements for maintenance of these devices. This gives the 
electrosurgical unit a total score of 13. Based in the maintenance worksheet, this is justification for semiannual 
testing.

As it can be seen from the previous examples, devices that have more risk associated with them need more 
maintenance than other devices. In the example, electrosurgical units will receive maintenance twice per year 
based on a risk assessment, while pulse oximeters will receive maintenance once per year.

One should note that devices were scored as generic device type only and are not model-specific. The risk 
criterion is used as a tool for determining maintenance intervals. If a specific model has testing or maintenance 
requirements different from other devices of the same type, the maintenance schedule can be adjusted on a 
case-by-case basis.

Evaluating the effectiveness of the maintenance program
Every maintenance program should be periodically evaluated for effectiveness. Performance standards for med-
ical equipment management should support the efforts of hospitals to manage health care technology for the 
purpose of improving the quality of care, containing the cost of health care delivery, and improving the safety 
of patients, hospital staff, and visitors. Tracking device histories is useful for evaluating the effectiveness of the 
maintenance program. A computerized system is especially useful for this task, as different types of equipment 
problems will need to be tracked.

Maintenance inspection intervals should be reviewed annually, to make changes as justified, as well as fol-
lowing any changes in regulations or guidelines. The review is done by analyzing the data generated from the 
maintenance history. To facilitate analysis, coding in the computerized maintenance management system on 
the types of problems encountered is required. The University of Vermont uses a system where a work order is 
generated for every maintenance event of a device. The work orders are coded by type of maintenance event 
and the work order types categorize the service performed. Work order types for maintenance, user errors, no 
problem found, recalls, upgrades, and other risk categories are tracked through the equipment problem sum-
maries. These summaries are available for reporting to the Safety Committee to improve patient care and create 
a safe environment.

Devices that frequently have problems found during the periodic performance inspection or that have a high 
failure rate in between inspections may need to have more frequent inspections. Likewise, as the reliability of 
medical devices improves, fewer problems are found during functional testing. In addition, newer technology 
often requires fewer scheduled parts for replacement as electronic controls are replacing mechanical systems. 
For example, anesthesia machines are beginning to use electronically-controlled flow controls instead of 
the traditionally used mechanical needle valve assemblies. Electronically controlled devices tend to be more 
accurate and do not have parts that wear like mechanical systems do. These devices may no longer continue to 
benefit from frequent inspections.
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In addition to tracking problems found during functional testing, other types of device problems should be 
tracked. Device problems that cannot be reproduced and perceived problems arising from incorrect use are 
indicators that clinical staffs need additional education on the proper use of these devices. For example, if there 
is a high incidence of work orders with no problems found for patient monitors, the clinical staff may need to 
be retrained on the proper operation of the monitors. Devices that have been abused may indicate the need 
for additional staff education or a change in clinical protocol such as equipment storage or cleaning. Device 
failures that could have been prevented with proper maintenance, such as tubing and filters that need to be 
changed in a ventilator, indicate the maintenance schedule should be reevaluated or that additional technical 
education is needed.

Performance standards should be clear and reasonable, as well as ensure that local regulations are met. The 
most obvious example of a performance standard is the functional testing completion rate. The University of 
Vermont has found a realistic goal for the functional test completion rate is 95 percent of clinical devices with 
100 percent of life support devices. Other performance standards should be developed, such as the number of 
use error related problems and damaged devices.

If an evaluation finds the goals are not met, an action plan should be developed to address the problems. 
The underling cause of the problem must be discovered and then steps to solve the problem must be taken. 
After a plan has been implemented, the plan should be monitored to determine progress and evaluate whether 
or not the plan was effective.
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Standards are used to give a baseline performance that needs to be met in order to ensure the safe use of 
medical equipment. A medical equipment maintenance program needs to meet or exceed all local standards. 
All relevant standards should be reviewed to ensure program compliance. The following Chapter discusses 
some standards that biomedical personnel should be familiar with.

IEC 60601-1
The International Electrotechnical Commission, IEC, is a worldwide organization that promotes global stan-
dardization in the electronics industry. IEC 60601-1, titled Medical electrical equipment - Part 1: General 
requirements for basic safety and essential performance, addresses medical equipment design in relation 
to safety and serves as the foundation for safe manufacturing practices. This standard is mainly used in the 
design and manufacture of medical equipment.

In 2005, the third edition of 60601-1 was published. The goal of the standard is to provide general 
requirements for medical device safety assurance, and serves as the foundation for more specific standards. 
This edition combines product requirements with manufacturing processes, such as risk management, and 
addresses essential performance, including parts of the device that come in direct contact and can harm the 
patient and/or operator.

The rationale behind the standard is to identify specific hazards associated with medical equipment and 
to define an acceptable level of risk for each hazard. Additionally, it provides an objective test to determine 
if the risks have been acceptably minimized, without defining how to minimize risks. This standard is not 
intended to be used alone, as it addresses general safety issues applied broadly across medical equipment. 
More specific standards need to be applied, depending on the medical equipment.

The 60601 family of standards contains collateral and particular standards. Collateral standards contain 
requirements in addition to the parent standard. These standards are general in nature, like the parent 
standard, and are applicable to all medical equipment. Particular standards contain requirements that are 
exceptions to the parent and collateral standards. These types of standards are specific to a device type. IEC 
60601 is the parent standard. Collateral standards are labeled as 60601-1-xx and particular standards are 
labeled as 60601-2-xx, with xx denoting a specific document.

IEC 60601-1 is mainly used by manufacturers of medical equipment. Medical equipment that is manu-
factured to this standard has been subjected to rigorous safety and performance tests and has met quality 
assurance specifications.

IEC 62353
IEC 62353 is an international standard published by the International Electrotechnical Commission, a world-
wide organization that promotes global standardization in the electronics industry. The standard addresses 
the testing of medical equipment before first use, after servicing, or periodic safety inspections.

The standard specifies how to test for electrical safety and gives limits for acceptable measurements. Spe-
cific tests for measuring the protective earth resistance, leakage current, applied part leakage current, and 
insulation resistance are outlined. These terms are defined as:

Protective earth resistance
Often referred to as ground wire resistance. Resistance between any conductive part of the equipment and 
the protective connector of the main power supply plug, the protective connector of the appliance inlet, or 
the protective conductor permanently connected to the supply mains.

Equipment leakage current
Current flowing from the supply mains to earth through the protective earth conductor and accessible con-
ductive parts.

Chapter 4:
Standards
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Applied part leakage current
Often referred to as lead leakage, the current flowing from the supply mains and accessible conductive parts 
to the applied parts, or patient leads.

Insulation resistance
The resistance of the insulation between the supply mains and protective earth, the supply mains and 
accessible conductive parts, or the supply mains and the patient leads. The insulation resistance is calcu-
lated by applying a voltage and measuring the resulting current.

IEC 62353 sets specific limits for electrical safety testing: the protective earth resistance should not exceed 
300 mW, leakage current for Class I medical equipment should not exceed 500 µA using the direct measure-
ment method and leakage current for Class II medical equipment should not exceed 100 µA.

Electrical safety testing is discussed in detail in Chapter 5 of this manual, Electrical Safety. IEC 62353 goes 
on to further specify that safety related functions of the equipment must be inspected. The standard does not 
specify which functions need to be tested or how often, only that the device functionality should be tested. 
The standard also specifies that safety inspections need to be documented. 

NFPA 99
The National Fire Protection Agency is an international organization that advocates the consensus of codes 
and standards for fire, electrical, and building safety. NFPA building codes have been adopted in the United 
States. The standard NFPA 99, Standard for Health Care Facilities, establishes criteria to minimize the risk of 
fire, explosion, and electrical hazards in health care facilities.

NFPA 99 covers nearly all aspects of fire safety in the hospital environment including building electrical 
systems, vacuum and gas systems, and emergency management. It is important to note that this is a volun-
tary standard. However, many localities have adopted NFPA 99 as part of their fire codes. 

NFPA 99 includes a Chapter on electrical equipment that is of particular interest to biomedical equipment 
technicians. This Chapter specifically covers the performance, maintenance, and testing of electrical equip-
ment used within the hospital. Numerical criteria are given for electrical safety testing. NFPA 99 section 8.4 
states that the ground wire resistance of medical equipment should be less than 0.5 W. It goes on to specify 
the chassis leakage current should not exceed 300 µA. 

The Joint Commission
The Joint Commission is a regulatory body that evaluates and accredits health care organizations in the 
United States. The Joint Commission’s mission is to improve the safety and quality of healthcare provided to 
the public. Currently, a system of unannounced surveys is used to promote continued compliance of the Joint 
Commission’s regulations.

The Joint Commission releases annual National Patient Safety Goals relating to pertinent healthcare quality 
issues. The National Patient Safety Goals are eventually included in the Joint Commission’s regulations. The 
Joint Commission’s regulations include a chapter on the health care environment. This chapter specifically 
addresses medical equipment, device maintenance, and how to minimize risk. A common benchmark used in 
the United States is the completion of scheduled maintenance. The Joint Commission requires 100 percent of 
life support equipment to receive scheduled maintenance and at least 90 percent of non-life support equip-
ment to receive scheduled maintenance.

ISO 9001
Published by the International Organization for Standardization, the ISO 9000 family of standards addresses 
various aspects of quality management. Of particular interest is ISO 9001, which sets out the requirements of 
a quality management system. The ISO 9000 standards are written in such a way as to be able to be applied 
across any industry, and any size organization. The standard is based on a process approach to quality man-
agement and continual improvement of the organization, and is intended to produce consistent, high quality 
products and services.

ISO 9001 has begun to be adopted into the health care industry in the United States. The DNV, Det Norske 
Veritas, is another regulatory body for accrediting health care facilities, similar to the Joint Commission. They 
received deemed status for accrediting health care facilities in the United States in 2008. Accreditation with 
the DNV will lead to ISO certification for the health care facility.
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Inventory control
Understanding which devices are in a facility is critical in order to provide a quality management program. 
Inventory data is used for a variety of applications including establishing a maintenance schedule, tracking 
medical device hazards and recalls, and deciding when to replace aging equipment.

Using a computerized medical equipment management system (CMMS)
A computerized medical equipment management system is a useful tool in keeping track of the device inven-
tory and maintenance history. There are several programs commercially available, but whatever software is 
chosen, the following information should be tracked.

Basic device information
Any medical equipment management software should track basic device information. At a minimum, the 
device type, manufacturer, model, and serial number should be tracked. This information is essential to the 
maintenance program.

Clinical use
The clinical use of a device should be documented. Equipment used for life support needs to be given a 
higher priority for maintenance. Additionally, regulations on life support devices may be different. In the 
United States, the Joint Commission requires equipment used for life support to have a 100 percent comple-
tion rate for scheduled maintenance.

Location
This may be entered as the owner department or a physical location. The equipment location is used to 
find the equipment for maintenance. Also, the location is useful to break up the maintenance schedules by 
department.

Maintenance history
A record should be kept of all maintenance performed on equipment, including scheduled maintenance, 
repairs, software upgrades, and incident investigations. Dates of service should be included in this history.

Work coding
For benchmarking and trending, the type of maintenance being performed on the equipment is required. 
The University of Vermont uses a work order coding system where a work order is generated for each main-
tenance event and a work order type is assigned to each work order. A sample of work order types are listed 
in the table on page 4.

Work order coding is important in measuring the success of the maintenance program and for identify-
ing areas that need to be addressed. For example, if there are a lot of work orders indicating use error for 
a device, the trend may indicate the clinical staff needs to be trained in the proper use of the equipment. 
Below is an example of the use of trending data to identify equipment with a high percentage of use error. 
As a benchmark, equipment with a use error per device of greater than 10 percent needs to be addressed. In 
this example, hypo/hyperthermia units have a use error percentage of around 12 percent. Further investiga-
tion is necessary to determine why failures occur.

Chapter 5:
General Procedures
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Work order types for corrective maintenance
Work Order Type Definition
08-REPR-MAINT Device failure could have been prevented with maintenance, such as replacing tubing
09-REPR-RAND Device failure could not be prevented
10-REPR-USR ERR Device failure was caused by improper clinical use
11-REPR-DAMAGED Device failure was caused by abuse
12-REPR-NO PROB Reported failure could not be reproduced
14-RE-REPAIR Device failed for the same problem within 30 days of being repaired previously
18-TR-RAND B A minor problem found during the scheduled performance testing
19-TR-RAND C A major problem found during the scheduled performance testing
23-TR MAINT B A minor problem found during the scheduled performance inspection that could have been 

prevented with maintenance
24-TR-MAINT C A major problem found during the scheduled performance inspection that could have been 

prevented with maintenance
60-PLANNED Planned maintenance
57-NOT TESTED Device not tested during the regularly scheduled performance inspection
58-FT AFTER 57 Device that missed its regularly scheduled inspection has received a performance inspection
63-TR B - NFR A minor problem found during the scheduled performance testing that does not require follow up
64-TR C - NFR A major problem found during the scheduled performance testing that does not require follow up
65-TR A - NFR Scheduled maintenance (e.g. battery replacement) was not performed, no additional follow up is 

necessary
Other work order types
15-INCOMING P Device passes initial performance inspection performed before the device is put into service
16-INCOMING F Device does not pass initial performance inspection 
25-FT ADD P Device passes initial performance inspection performed after the device is already in service
26-FT ADD F Device does not pass initial performance inspection and has already been in service
27-FT NO ADD P Device passes initial performance inspection but will not be added to the inventory
28-FT NO ADD F Device that will not be added to the inventory does not pass initial performance inspection 
30-PROD ALERT A recall or alert has been issued for a device
33-RECALL MOD Work done in answer to a recall, such as a software upgrade or parts replacement
37-INCIDENT INV Investigation of an incident involving the device
44-CALIBRATION Device requires calibration
59-INV DELETE Device is taken off of the inventory



©University of Vermont Chapter 5: General Procedures   15

Deciding which devices to put on the inventory
The process to determine which devices will be managed as part of the equipment management system is 
crucial to the success of the system. All devices must be evaluated to determine if they should be managed.

The University of Vermont uses three major classifications of devices: clinical, utilities, and general. Within 
the clinical classification, two subgroups will be identified: life support and non-life-support. Other equip-
ment may be inventoried and tracked for financial or other reasons but is not included in this process.

Clinical equipment is any equipment used for treatment, monitoring, or diagnosis of patients. Life support 
equipment is clinical equipment that takes over a function of the body and will cause immediate, within 
minutes, death if removed. Under this definition a ventilator will be considered life support equipment, 
whereas a hemodialysis machine is not considered life support. Even though the hemodialysis machine 
takes over the function of the kidney, removal of the patient from hemodialysis will not cause immediate 
death.

All major device classes should be assessed for inclusion based on function, risk, maintenance require-
ments, historical incidents, and regulations and each device type should be evaluated. Evaluations should be 
performed on new device types as they arrive at the hospital. All equipment used in the hospital should be 
evaluated regardless of ownership. Most commonly, devices will fall into the clinical classification. A mainte-
nance schedule should be determined for these devices based on the risk criteria discussed in Chapter 3.

Device inclusion must be performed and documented prior to any equipment use preferably during the 
technology planning stage prior to arrival at the facility. This process should be utilized for owned, rented, 
loaned, demonstration or leased equipment.

The factors must include function, risk, maintenance requirements, and history of incidents. The University 
of Vermont has developed a Device Inclusion Worksheet to facilitate this process.

User Error and No Problem Found Work Orders By Device Type
(Excludes Devices With Inventory Count <15)
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Device information
Device type Owner Hosp Vendor MD Other
Manufacturer Department
Model Tester Hosp TSP Mfr User
Serial number Prev maint Hosp TSP Mfr User
Control number Tests/year 1x 2x 3x 4x

Inclusion assessment
The intent is to capture all powered devices that by function, physical risk, maintenance requirements, or 
a history of incidents or safety problems should be managed as a part of the medical equipment manage-
ment system. Some devices have a borderline inclusion between medical equipment and utilities, so tests for 
inclusion in the utilities management program are included.
1: Life support equipment
Would failure of this device result in immediate death of the patient? And Yes No
Is the powered device used for direct patient treatment or care? Yes No
An answer of “Yes” to both of the above questions indicates that the device should be managed in the medical equipment inventory as a life support device.

2: Medical equipment
Is the powered device used for direct patient treatment or care? Yes No
Does the powered device provide diagnostic/monitoring information used in treatment? Yes No
Does this powered device come in contact with the patient? Yes No
An answer of “Yes” to any of the above three questions indicates that the device should be included in the medical equipment management program and be 
inventoried under those provisions.

3: Utilities equipment
Does this device facilitate life support functions? Yes No
Does this device support infection control systems? Yes No
Does this device support facility environmental systems? Yes No
Does this device support critical facility utility systems? Yes No
Does this device support essential communications systems? Yes No
If the device fails to meet the medical equipment requirements, but there are any “Yes” answers to the utilities equipment questions, the device should be 
included in the utilities equipment management program.

4: Clinical and physical risk
Does the device pose risk to the patient or staff when used in the facility? Yes No
Would failure or loss of use of the device adversely affect the deliver of health care? Yes No
Does this product or class of device have a history of incidents or safety recalls? Yes No
5: Maintenance requirements
Does the device require periodic inspection in order to ensure safe delivery of care? Yes No
Does the device require periodic performance testing to ensure safe delivery of care? Yes No
Does the device require periodic preventive care to ensure safe delivery of care? Yes No
If the device fails to meet the requirements for Medical or Utilities Equipment, but there are “YES” answers to the above questions in Clinical and Physical 
risk or Maintenance Requirements, the device should be managed on a general equipment inventory with preventive maintenance or testing as appropriate.

Device Inclusion 
Worksheet
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Management program assignment
This device will be assigned as Life Support Equipment Yes No
This device will be assigned as Medical Equipment Yes No
This device will be assigned as Utilities Equipment Yes No
This device will be assigned as General Equipment Yes No
This device will be NOT be included in any equipment management program Yes No

Completed by: ____________________________________________________  Date: __________________________________

Incoming inspections
The initial test for a new piece of equipment prior to the use in patient care is called the Incoming Inspec-
tion. This inspection serves to ensure the equipment passes all performance and safety requirements prior 
to use. This is typically the most rigorous test performed of all inspections. A test form should be used to 
document test results. Incoming inspections should be done on all medical equipment, regardless of whether 
owned, rented, leased, loaned, or on demonstration equipment.

Each device should be evaluated per the Device Inclusion Worksheet to determine the inventory classifi-
cation. All medical equipment determined to be on a management program needs to receive a performance 
and safety test prior to patient use. Working with clinical staff is required to ensure all medical equipment 
receives an incoming inspection, including demo equipment brought in by vendors.

If the equipment passes the inspection, the device should be entered into the hospital’s inventory. Inspec-
tion labels, warranty labels, and battery labels are also placed on the device when appropriate. The 
equipment can now be placed into service.

If the device does not pass the inspection, it is not placed into service and the deficiencies are noted. Many 
devices receiving an incoming inspection are covered under warranty. In this case, the vendor should be 
contacted to either exchange or repair the equipment. The equipment should not be placed into service until 
it can successfully pass the incoming inspection.

Incoming inspection of temporary medical equipment
Temporary medical equipment is equipment that is not owned by the hospital, and which is either used for 
patient care on a sporadic basis, or which will be used for a limited amount of time at the facility, typically 
90 days or less. Such equipment may include rental equipment, a sales demo, or patient owned equipment. 
Temporary medical equipment needs to be properly maintained just as hospital owned equipment does to 
protect the safety of the patient.

All medical equipment needs to undergo an incoming inspection. Medical equipment that will be at the 
facility for a single time of 90 days or less does not need to be added to the equipment inventory, although a 
record should be kept of the initial incoming inspection. Equipment that will be at the facility for longer than 
90 days should be added to the equipment inventory to be tracked just like hospital-owned equipment.

Equipment that will be brought repeatedly to the facility, such as a rental device, will need to have an 
incoming inspection and be added to the inventory. Additionally, the vendor should be required to certify 
that each time the device is brought to the facility, the equipment has been maintained, and that the device 
is safe and ready for use. The University of Vermont uses the following Vendor Safety Certification Form to 
ensure these devices are safe and ready for use when they are brought into the facility.
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Vendor Safety Certification Form
Medical equipment often is provided to facilities for use as loaners, demonstration, rental or lease. It is some-
times not possible for the hospital or its biomedical equipment agent to adequately test these devices before 
they are used clinically. As a prerequisite to patient use of devices that cannot be fully tested by the hospital, 
the hospital requires the vendor to provide a certification that the device(s) is/are safe for use at the facility 
for a specific period of time or under specific circumstances of use.

Clinical Use Prohibited Without This Certification

Hospital: ___________________________________________________________________________________________________

Department: _______________________________________________________________________________________________

Manager: _____________________________________________________  Date: ______________________________________

Device Description: _________________________________________________________________________________________

Vendor: _______________________________________________________  Contact: ___________________________________

Serial Numbers of All Devices: ________________________________________________________________________________

Intended Use of the Device: __________________________________________________________________________________

Dates of Use: Start: _____________________________________________  Stop: ______________________________________

Vendor completes this part:

______ This vendor certifies this device is provided to the facility in safe and useable condition, and is FDA approved 
for the intended clinical procedure(s). This vendor has or will test the device for proper function prior to clinical 
use, but after arrival at the facility. Training will be provided to staff on safe use and potential risks.

______ This device is an investigational device for which FDA approval does not exist as of yet. The device will not be 
used clinically until all hospital investigational review board approval is received. Training will be provided on 
safe use and potential risks.

______ This equipment is provided repeatedly to the hospital and is maintained by the vendor. It is checked between 
assignments to different facilities, and records of maintenance are provided annually to the facility. Ongoing 
performance and safety testing is provided, and the vendor certifies that the device is safe for use as provided 
at delivery.

______ Non-hospital employees who will be delivering and/or operating the equipment are appropriately trained and 
qualified to be transporting, setting up, and operating the equipment.

Note any special conditions: _________________________________________________________________________________

___________________________________________________________________________________________________________

Vendor Signature: __________________________________________ Date: ______________________________

Facility Signature: __________________________________________ Date: ______________________________



©University of Vermont Chapter 5: General Procedures   19

Documentation
Documentation is very important to any maintenance program. Tracking what maintenance has been per-
formed is impossible if there is no documentation. All maintenance, scheduled and unscheduled, should be 
recorded in the equipment history.

The University of Vermont uses documentation by exception to report the results of scheduled performance 
inspections. Documentation by exception is the process of documenting failures only. A work order is com-
pleted only for those devices that fail to meet a routine, scheduled inspection against safety, performance or 
quality assurance criteria. Devices that pass the scheduled inspection criteria are rendered acceptable and 
do not require written test forms or additional work orders.

All incoming inspections, other additions to inventory, and devices that have undergone corrective mainte-
nance should have a documented PM/inspection form and work order completed.

Locating missing equipment
As stated above, the University of Vermont uses a system of documentation by exception. A work order needs 
to be opened for each problem noted during the scheduled test round. The work order coding system con-
tains specific work order types for problems encountered during scheduled maintenance.

One work order type ‘Not Tested’ is particularly useful. This work order type is used to mark equipment 
that did not receive its scheduled inspection. Equipment may miss its scheduled inspection for a variety of 
reasons, most commonly because the equipment could not be physically located. The equipment may also 
miss an inspection if it is being used on a patient and cannot be removed or if the equipment has been sent 
out for repair.

Every effort should be made to locate and inspect equipment marked as ‘Not Tested’ and working with 
clinical staff to locate this equipment will be required. A list of missing equipment should be sent to the 
department so that the staff can keep watch for the missing equipment. A protocol should be established for 
clinical staff when they find the equipment. If possible, the equipment should be set aside for testing. Desig-
nating a storage area for this purpose is desired.

At the University of Vermont, a work order is created for devices that were not tested during their sched-
uled test round. The work order is left open for up to thirty days while biomedical equipment technicians 
attempt to locate the equipment. During this time, nursing staff is asked to assist in locating the equipment. 
A notice is sent to the department manager with a list of equipment that needs to be located for inspection. If 
nursing staff locates the missing equipment, the equipment is set aside, if possible, until it can be inspected 
and biomedical personnel are notified.

Once the equipment has been inspected, another work order is created to show that the equipment 
received its scheduled maintenance. This work order has a type that indicates a functional test following 
a ‘Not Tested’ work order. Again, the coding system is important, as it allows these types of maintenance 
events to be identified.
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Labels
Labels are an easy and effective way to communicate information about medical equipment. The University 
of Vermont uses a variety of labels to indicate specific data necessary for technology management, regulatory 
requirements, and for safety. Labels may be used for performance inspections—bi-annual, annual, semian-
nual and general, battery installation, specific calibration, warranty, hazards and warnings, and upgrade or 
recall data. In addition, a unique identifier control number is placed on each piece of equipment for ease of 
device tracking. 

The following are examples of these labels:
Control number tags are made of aluminum and attached with a per-
manent adhesive. These tags need to be rugged in order to stand up 
to repeated cleaning and disinfecting of the equipment. Other labels 
are made of a material that allows them to be peeled off and replaced. 
Labels that require written information should be filled in using per-
manent marker, to avoid fading of the ink.

Inspection labels that include a next inspection due date are espe-
cially useful. Clinical staff should be trained that if they find a piece 
of equipment with an outdated inspection sticker, they should put the 
equipment aside if possible and contact biomedical personnel.

Care should be taken to ensure labels are not placed over important 
information, such as warnings, contraindications, and instructions.
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Figure 3. Label samples.



©University of Vermont Chapter 5: General Procedures   21

Forms
Testing checklists should be developed for each device type. These lists are useful because they outline rec-
ommended maintenance procedures and provide numerical criteria for quantitative tests.

The maintenance checklists should be filled out during an incoming inspection or testing following a 
repair. The University of Vermont uses documentation by exception policy and does not fill out a maintenance 
checklist for the successful completion of a scheduled performance inspection. Maintenance forms can be 
either paper or electronic format. Placing maintenance checklists on a handheld device such as a PDA that 
can be filled out electronically may be useful.

The maintenance forms should contain information on what equipment is being inspected, the date the 
inspection occurs, and who is to perform the inspection. A list of maintenance tasks should be broken down 
by subsystem and numerical criteria given for quantitative tests. For example, the measured flow rate of an 
infusion pump should be within 10 percent of the set rate. This criterion appears on the test form next to the 
task for flow rate accuracy.

The checklist has an option for each maintenance task as either passed, failed, or not applicable. Devices 
that have maintenance tasks that fail should not be put back into service until the problem has been 
corrected.

The not-applicable category is necessary as the maintenance checklists are generic by device type and, 
since device operation varies from model to model, not every maintenance task can be performed on every 
device. For example, the centrifuge maintenance checklist includes timer accuracy, operation of the brake, 
and alarm activation. High-end centrifuges will have all of these functions. However, simpler centrifuges 
may not have these functions to be tested. This doesn’t mean the device is unsafe to use, it simply means the 
equipment does not have those functions.

Every maintenance task that needs to be performed on every device can be included on the maintenance 
checklist. Device function and operation vary greatly by model and manufacturer. Reference to the equip-
ment’s service manual for any additional maintenance tasks is required.
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Chapter 6:
Electrical Safety

Electrical safety is a topic of paramount importance in medical device quality assurance best practices. Elec-
trical shock can cause disruptions during health care procedures, and result in injury or death. Physiological 
effects range from a tingling sensation to serious burns and electrocution. Excitable human tissue is very 
sensitive to current in the frequency range of electrical power systems worldwide (50-60 Hertz). Figure 6-1 
shows the effects of current flowing from one skin contact point to another. The term macroshock describes 
electrical current applied externally.

Electrical safety takes on added significance in electrically-susceptible patients. For cardiac procedures, 
electrically-conductive catheters may be placed into the heart while the patient is connected to medi-
cal equipment. Skin exhibits a high electrical resistance, but internal body components such as blood and 
muscle have a low electrical resistance. Currents as low as 20 microamps have caused ventricular fibrillation 
in experiments conducted with dogs when a conductor made direct contact to the heart. Microshock is the 
term used to describe direct shocks to the cardiac muscle.

As a result of data collected regarding macroshock and microshock, worldwide standards have been estab-
lished to limit leakage current. In equipment designed for low resistance direct contact with patients, (such 
as indwelling catheters) electrical isolation techniques are used to reduce the current flowing to the patient 
to minimal levels even at line-voltage levels. In the event of a device failure or short-circuit condition, the 
patient is protected from microshock. These techniques may utilize isolation transformers and optical cir-
cuits. Thus, electrical safety standards specify low microampere limits for direct patient contact equipment.

To reduce leakage current to negligible levels, chassis grounding is utilized to shunt any leakage or fault 

Burns

Cardiac fibrillation

Muscle contraction, suffocation

Let-go current

Sensitivity limit

1 mA 10 mA 100 mA 1 A 10 A 100 A

Figure 6-1. Effects of current flowing 
from one skin contact point to another.
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current to ground rather than to the patient or staff. Figure 6-2 demonstrates the hazard current from the 
electrical failure being safety shunted to ground through this alternative pathway. Effective grounding can 
only be achieved with very low resistance pathways to ground on the order of tenths of an ohm. Grounding 
is another measurement specified in electrical safety standards for medical devices.

The basic electrical safety tests are:
• Visual inspection of cables, plugs and connectors
• Measurement of ground wire resistance
• Measurement of chassis and patient lead/contact isolation
Other tests may be required depending upon the country, state/province/department, or local codes.

Electrical safety standards
Varying electrical safety standards have been established in the United States, European countries, and 
other parts of the world. The standards differ in criteria, measurements, and protocol. The International 
Organization for Standardization (ISO) and the International Electrotechnical Commission (IEC) organiza-
tions based in Europe provide standards worldwide in partnership with the World Trade Organization. These 
include standards for electromedical equipment. There are general and specific standards for medical device 
electrical safety.

IEC60601 AAMI/NFPA 99
Protective Earth Resistance Ground Wire Resistance
Earth Leakage Current Ground Wire Leakage Current
Touch or Enclosure Leakage Current Chassis Leakage Current
Patient Leakage Current Lead to Ground Leakage Current
Patient Auxiliary Leakage Current Lead to Lead Leakage Current
Mains on Applied Part (MAP) Leakage Current Isolation Leakage Current

230 V
50 Hz

Fuses 230 V

10 Ω
~22 A

~11 V

0.5 Ω
~22 A

0.5 to 200 kΩ
.055 to 22 mA

Figure 6-2. Hazard current from 
electrical failure being safety shunted 
to ground through an alternative 
pathway.
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The primary standard for medical devices is IEC 60601. General requirements for protec-
tion against electric shock hazards are covered in IEC 60601.1, Section 3.

In this standard, each instrument has a class.
• Class I – Live part covered by basic insulation and protective earth
• Class II – Live part covered by double or reinforced insulation
• Class IP – Internal power supply

Each patient applied part or patient lead has a type.
• Type B – Patient applied part earthed
• Type BF – Patient applied part floating (surface conductor)
• Type CF – Patient applied part floating for use in direct contact with the heart

The terminology used in IEC 60601.1 3rd edition includes
• Protective earth resistance
• Earth leakage current
• Touch current (formerly enclosure leakage current)
• Patient leakage current
• Patient auxiliary current
• Mains on applied part (MAP)

To represent the impedance of a patient, the test load in Figure 6-3 has been developed. 
Leakage current measuring devices use this impedance circuit for measurements.

Leakage measurement (IEC 60601.1, Section 3, Clause 19) limits have been developed for equipment types 
and measurements. NC is normal conditions and SFC is single fault conditions. Some of the measurements are 
only applicable to manufacturer design testing.

Leakage 
current (µA)

Earth 
leakage 

current mA

Touch 
current 

(µA)

Patient 
leakage 

current AC 
(µA)

Patient 
leakage 

current DC 
(µA)

Patient 
leakage 
current 

mains on 
applied 

(µA)

Patient 
auxiliary 
current 

(µA)

Patient 
auxiliary 
current 

(µA)

Patient 
auxiliary 
current 

(µA)

Type B NC 5 100 100 10 — 100 10 100

SFC 10 500 500 50 — 500 50 500

Type BF NC 5 100 100 10 — 100 10 100

SFC 10 500 500 50 5000 500 50 500

Type CF NC 5 100 10 10 — 10 10 10

SFC 10 500 50 50 50 50 50 50

Additional important points regarding IEC 60601.1 include: the use of up to 25 amperes ac for protective 
earth testing, leakage current is measured at 100 percent of mains voltage, and performance of dielectric 
strength/insulation testing is measured at 110 percent of mains voltage. A new IEC standard, IEC 62353, is 
used for medical device testing in hospitals. IEC 62353 was developed because IEC 60601.1 is a type-testing 
standard with no risk management criteria and is impractical for testing in the hospital environment.

Figure 6-3. Impedance of a patient  
test load.

10,000 Ω

1,000 ΩInput

0.015 µF

Milli-
voltmeter
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IEC 62353 tests are performed on equipment prior to use on patients, during schedule periodic testing, 
and after repair. Thus, this standard is for field (hospital) testing and does not address equipment design. 
In Annex E of the document, the manufacturer is requested to provide information on testing interval and 
procedure based on risk, typical usage, and device history. The minimum testing requirement for life support 
and other critical equipment is 24 months.

In the United States, there are several primary and secondary organizations setting standards:
1. National Fire Protection Association (NFPA): NFPA 99 Standard for Health Care Facilities is the pri-

mary standard addressing electrical safety testing required in health care institutions. Other publications 
include NFPA 70, National Electrical Code, and NFPA 70E, Electrical Safety in the Workplace.

2. Association for the Advancement of Medical Instrumentation (AAMI): ANSI/AAMI ES1 Safe Current 
Limits for Electromedical Apparatus is another commonly-accepted standard.

3. Underwriters Laboratories (UL): UL544, Medical Equipment requirements is a standard for manufactur-
ers, not hospitals. These standards may be referenced by accreditation, code or regulatory organizations 
such as the Joint Commission, Occupational Health and Safety Administration or other organizations moni-
toring health care institutions in the United States. Chapter 18: Standards describes the above standards 
and test setups.

4. Canadian Standards Association (CSA): CAN/CSA C22.2 NO. 60601-1-08 Medical Electrical Equipment 
- Part 1: General Requirements for Basic Safety and Essential Performance (Adopted IEC 60601-1:2005, 
third edition, 2005-12)

Global harmonization of standards has led to the development of worldwide standards. Equipment in the 
regions listed below must be certified to the IEC60601-1 standard or the device cannot be sold in that 
country.
• USA uses UL2601-1 or ANSI/AAMI ES601
• Europe uses EN60601-1
• Canada uses CAN/CSA-C22.2 No. 601.1-M90

Electrical safety testing
Testing requirements and sequence according to IEC 62353 Annex C are shown below. Only measurement 
equipment that meets IEC 61010-1 should be used. The sequence outlined in Figure 6-4 should be followed. 
For example, protective earth resistance should be measured prior to leakage current measurements.

Testing requirements and sequence according to IEC 
62353 Annex C

Selection of the test Insulation resistance

Visual inspection Functional test

Protective earth resistance Reporting of results

Leakage current Evaluation

Check and prepare  
for normal use

Start

see 4.1 see 5.3.3

see 5.2 see 5.4

see 5.3.1 see 5.1

see 5.3.2 see 5.2

see 5.2
Figure 6-4. Testing requirements 
and sequence according to IEC 
62353 Annex C.
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General connections to an electrical safety analyzer (ESA) are shown in Figure 6-5. Consult the operational 
manual for specifics for your ESA. Documentation requirements for IEC 62353 include:
• Identification of the testing group (hospital department, independent service organization, manufacturer)
• Names of the persons, who performed the testing and evaluation(s)
• Identification of the equipment/system (e.g. type, serial number, inventory number) and the accessories 

tested
• Tests and measurements
• Date, type, and outcome/results of
 – Visual inspections
 – Measurements (measured values, measuring method, measuring equipment)
 – Functional testing
• Concluding evaluation
• Date and signature of the individual who performed the evaluation

Computerized record-keeping systems are greatly preferred for data storage, search, review, and analysis. 
Note the device fields must be standardized.

Figure 6-5. General connections 
to an electrical safety analyzer.
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Under IEC 62353, electrical leakage current testing methodology requires expert decision-making. The 
following test procedures are recommended to ensure testing accuracy. The illustration depicts a decision 
tree that should be followed (Class I medical device—accessible ground, power cord with plug-connection 
to mains and Class II medical device—no accessible ground, typically double-insulated) to properly choose 
the Direct, Differential, or Alternative method of electrical leakage current testing based on the design of the 
medical device to be tested.
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: Fluke Biomedical ESA615 or equivalent

Test Result
Pass Fail N/A

Physical condition
Device is clean and decontaminated
No physical damage to case, display, mounts, cart, or components
Switches and controls operable and correctly aligned
Display intensity adequate for daytime use
Control numbers, labeling, and warnings present and legible
Fuse rating is appropriate
Power cord, accessory cables, charger, patient cables, connectors
Integrity of mechanical parts

Electrical safety Criteria IEC 62353
Ground wire resistance/protective earth 0.3 W
Current in µA Applied part

Type 
B

Type 
BF

Type 
CF

Equipment leakage – alternative method
For accessible conductive parts of Class I equipment con-
nected or not connected to the protective earth conductor 1000 1000 1000

For Class II ME equipment 500 500 500
Equipment leakage – direct or different method
Equipment leakage current for accessible conductive parts 
of Class I ME equipment connected or not connected to the 
protective earth conductor

500 500 500

Equipment Leakage current for Class II ME equipment (NC) 100 100 100
Applied part leakage current – alternative method (ac)
Applied part leakage current of applied part — < 5000 < 50
Applied part leakage current – direct method (ac)
Total patient leakage current mains voltage on applied part — 5000 100
Insulation test (optional) 500 V dc applied < 2 MW

Tested by: _____________________________________  Date: ___________________________________________

Electrical Safety 
Procedure Estimated time: 5 minutes
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Physical condition
Verify the case integrity and look for damage. Ensure the device is not contaminated. Check the controls, 
indicators, and displays. Verify the labeling is appropriate, not damaged and legible. Check the fuse has the 
proper rating. Visually inspect the power cord, plug, any cables, connectors, chargers, or other external con-
nections. Verify all mechanical parts are in good condition.

Electrical safety analyzer (ESA) set-up
Place controls in startup mode (e.g. ESA615 function switch to OFF). Insert measurement cables into the  
ESA. Plug the ESA into the power receptacle and turn on. Ensure the line voltage is appropriate as read from 
the ESA.  
Note: All tests below should be performed with the device OFF and ON. The highest reading should be docu-
mented or used for exception reporting.

Figure 6-6. Typical set-up using 
ESA615 Electrical Safety Analyzer.
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Ground wire resistance
Insert the medical equipment electrical power plug into the ESA power receptacle. Zero the test-lead resis-
tance by connecting the RED lead to the ESA ground point and pressing the Zero button. Attach the RED 
ground lead to the device under test (DUT) chassis grounding point. Activate the control for ground wire 
resistance measurement and record the reading or document by exception only.
*See end of this chapter for instruction on how to perform ground-wire resistance tests on permanently-wired devices

Figure 6-7. Entering device-under-
test information directly into an 
electrical safety analyzer for later 
documentation. Bar code scanners 
may also be used for this purpose.

Figure 6-8. Accessible ground/
protective earth connections.
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MD

CONDUCTIVE PART

DUT_PE

DUT_L2

DUT_L1

FE

DEVICE UNDER TEST

APPLIED
PART

MD CONDUCTIVE PART

DUT_PE

DUT_L2

DUT_L1

FE

DEVICE UNDER TEST

APPLIED
PART

Figure 6-9. Mains to protective-earth 
insulation resistance test schematic.

Figure 6-10. Applied parts to 
protective-earth insulation test 
schematic.
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MD
CONDUCTIVE PART

DUT_PE

DUT_L2

DUT_L1

FE

DEVICE UNDER TEST

APPLIED
PART

TEST LEAD

MD

CONDUCTIVE PART

DUT_PE

DUT_L2

DUT_L1

FE

DEVICE UNDER TEST

APPLIED
PART

TEST
LEAD Figure 6-12. Mains to non-earth 

accessible conductive points 
schematic.

Figure 6-11. Ground wire (protective 
earth) resistance measurement 
schematic.
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Figure 6-13. Mains to applied-parts 
insulation test schematic.

Figure 6-14. Applied parts to non-
earth conductive points schematic.
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Figure 6-15. Earth leakage current 
test schematic.

Figure 6-16. Enclosure leakage 
current test schematic.
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Figure 6-17. Lead isolation (mains 
on applied parts) leakage test 
schematic.

Figure 6-18. Lead-to-ground 
(patient) leakage current test 
schematic.
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Insulation tests
Remove the red test lead from the chassis grounding point. Press the MΩ button on the front panel of the 
ESA615, or if following the IEC62353 test sequence, continue the test sequence to measure insulation from 
earth ground first, then from the patient applied part.

Equipment leakage current (Direct, Differential, or Alternative)
Measure the equipment leakage current by pressing the µA button on the front panel of the ESA615 and 
then pressing F1 Direct Equipment, F2 Differential, or F3 Alternative Equipment depending on the design 
of the medical device under test. If following the IEC 62353 test sequence, continue the test sequence. The 
measurement should be made under Normal and Reverse Polarity. Ensure the ESA is not quickly switched 
between Normal and Reverse Polarity. Record the reading or document by exception.

Figure 6-19. Example of a five 
patient-applied-parts connection: 
three ECG leads + two defib/pacer 
pads.

Figure 6-20. Adapter for additional 
applied parts connections.
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Figure 6-21. Example of a 12 patient 
applied part connection set-up: ten 
ECG leads + two defib/pacer pads 
using a Fluke Biomedical adapter.

Patient applied part leakage current
Ensure the patient applied leads are attached to the appropriate connectors on the ESA per the ESA manual. 
Press the µA button on the front panel of the ESA615, then press the F4 (MORE) soft key in the Leakage 
menu, and finally press F1 (SELECT). Choose either F1 (DIRECT A.P.) or F2 (ALTERNATIVE A.P.) and use the 
navigation arrow buttons to step through each applied part to measure the leakage current per the ESA 
instructions. Make measurements with the red lead attached to the device. The measurement should be 
made under normal and reverse polarity. Ensure the ESA is not quickly switched between normal and 
reverse polarity. The test should be performed by selecting all leads connected together and individual leads 
measured in respect to ground. Record the reading or document by exception only.
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Lead isolation test/mains on applied parts leakage
This test is performed only when the IEC60601-1 or NFPA 99 standards are selected. Caution: mains volt-
age will be applied so do not come in contact with the patient applied parts during this test. Ensure 
the Patient Applied Leads are attached to the appropriate connectors on the ESA per the ESA manual. Switch 
the function switch to Patient Lead Leakage or Applied Parts Leakage per the ESA instructions. Make mea-
surements with the RED lead attached to the device. The measurement should be made under Normal and 
Reverse polarity. Ensure the ESA is not quickly switched between Normal and Reverse polarity. The test 
should be performed by selecting ALL leads connected together and individual leads measured in respect to 
ground. Record the reading or document by exception only.

Figure 6-22. Viewing an automated 
IEC62353 electrical safety test 
sequence.

Figure 6-23. IEC62353 test 
complete: pass.
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Return to service
Before returning to use, return any controls that were adjusted to their original settings. Plug in the power 
cord to ensure the battery remains charged.

*Special circumstance: permanently-wired devices
Medical devices permanently connected to mains power require a ground connection at the same potential 
as the device under test. The measurement is chassis/touch current under normal conditions. No single-fault 
conditions (SFC) can be tested for devices connected permanently to mains. The same test limits that apply 
to touch current for Class I devices should be used to perform this test.

To measure chassis/touch current, select “leakage” from the point-to-point menu on the ESA615 and use 
the arrows to set the ac-only, dc-only, or ac + dc measurement modes. Then place the test lead probe tips on 
the two points the unknown current may flow and read the measurement in the display.

Figure 6-24. Non-earthed touch 
current test (IEC 60601-1; AAMI/ANSI 
ES601; etc.).
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Chapter 7:
Aspirators

An aspirator is often known as a suction pump or a vacuum pump. It uses suction to remove gas, fluid, tissue, 
or other materials from a body cavity. An aspirator typically consists of a suction pump, a collection con-
tainer, tubing, a pressure gauge, a safety valve (to prevent suctioned material from overflowing the container) 
and a means for adjusting the vacuum pressure. The motorized suction pump creates a vacuum in the suction 
tubing. When the tubing is inserted into a body cavity, material is sucked through the tubing and deposited 
into the collection container.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2 2
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 DPM4 Pressure Meter or equivalent
 Stopwatch or watch with a second hand
 Tubing and connectors to connect to DPM4

Test Result
 

Pass Fail N/A

Physical condition

      Device is clean and decontaminated

      No physical damage to case, display, mounts, cart, or components

      Switches and controls operable and correctly aligned

      Display intensity adequate for daytime use

      Control numbers, labeling, and warnings present and legible

      Inlets and hoses

      Power cord, accessory cables, charger

      Filters and vents clean

Electrical safety Criteria IEC 62353

      Ground wire resistance < 0.3 Ω

      Chassis leakage
< 100 µA NC

< 500 µA SFC

      Patient leakage current
< 100 µA B and BF
< 10 µA CF

      Patient lead leakage current: isolation test (mains on applied part)
< 100 µA BF
< 10 µA CF

      Insulation test (optional) 500 V < 2 MΩ

Aspirator 
Procedure Estimated time: 20 minutes
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Test Result
 

Pass Fail N/A

Preventive maintenance

      Replace battery every 24 months

      Replace filters

      Lubricate motor

      Complete model-specific preventive maintenance

Performance testing

      Verify unit operates on battery

      Vacuum gauge accuracy ± 10 %

      Maximum vacuum

Thoracic, low volume: > 40 mmHg

Emergency, surgical, tracheal > 400 mmHg

Breast pump: > 200 mmHg

      Vacuum rise time

Thoracic < 4 sec/30 mmHg

Emergency, surgical, tracheal, uterine: < 4 sec/300 mmHg

Uterine: < 3 sec/30 mmHg

Breast pump: < 2 sec/150 mmHg

      Complete model-specific performance testing

Physical condition
Check the physical condition of the device as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Replace filters
Inspect filters and replace as necessary. Refer to the device service manual for filter replacement.

Lubricate motor
Follow the manufacturer’s instructions in the service manual for lubricating the pump motor. Not all motors 
will need to be lubricated.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to 
the device. Complete the preventive maintenance per manufacturer’s procedure.
 
Performance inspection
Verify unit operates on battery
Confirm the ac power indicator is lit when the power cord is plugged into an 
outlet. Unplug the ac power cord and perform the remainder of the functional test 
on battery power. The ac power indicator should go out when the power cord is 
unplugged and the battery indicator should light. Be sure to 
plug the power cord in at the conclusion of the test.

Figure 7-1. Fluke Biomedical 
DPM4 Pressure Meter
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Vacuum gauge accuracy
Turn on the DPM4 model 1G or DPM4 model 2G. The DPM4 defaults to pressure units in mmHg. If the pres-
sure gauge is in another unit, press the soft key labeled UNIT and then select desired unit. Most aspirators 
measure vacuum in mmHg. The DPM4 should read zero mmHg when the pressure port is open to atmosphere. 
Connect the aspirator to the pressure port on the front of the DPM4. This connector is a male leur lock con-
nector. The connection from the aspirator should come from the port intended for the patient tubing.

Turn on the aspirator and adjust the vacuum to a low setting. Slowly increase the vacuum across its range 
until the maximum setting is reached. Compare the vacuum gauge reading with the measured vacuum from 
the DPM4. The gauge reading should be within 10 percent of the measured vacuum. For a vacuum gauge 
reading of 300 mmHg, the measured vacuum should be between 270 mmHg and 330 mmHg.

Maximum vacuum
Disconnect the suction tubing from the DPM4 and occlude the suction tubing. The tubing can be occluded 
with a stopcock in the off position or by simply covering the tubing with your thumb. Adjust the suction to 
its maximum setting. The accuracy of the vacuum gauge must be verified prior to this test. The values on the 
test form are guidelines based on common practice. Refer to the aspirator’s operator manual for its actual 
performance capability. If the measured vacuum is low, look for air leaks, particularly in collection bottle 
caps and hoses. Release the occlusion on the tubing.

Vacuum rise time
With the aspirator set to its maximum setting, occlude the suction tubing. Use a stopwatch or a watch with a 
second hand to measure the time it takes to reach the vacuum level indicated on the test form. Thoracic aspira-
tors should reach 30 mmHg in less than four seconds. Emergency, surgical, or tracheal aspirators should reach 
300 mmHg in less than four seconds. Uterine aspirators should reach 300 mmHg in less than three seconds. 
Breast pumps should reach 150 mmHg in less than two seconds. Again, these are general guidelines based on 
common practice. Refer to the aspirator’s operator manual for its actual performance capability.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return the suction setting to its original setting. Plug in the power cord to ensure the 
battery remains charged.

Figure 7-2.
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Chapter 8:
Compression Unit

Compression units are designed to apply and release pressure on a patient’s limbs in order to facilitate the 
return of blood through the veins. They are used to reduce the risk of deep vein thrombosis during long peri-
ods of immobilization, which can lead to pulmonary embolism. Compression units are also used during and 
immediately following surgery to minimize venous stasis.  

A compression unit typically consists of an air compression pump, a pressure control mechanism, a timing 
mechanism, tubing, and cuffs that wrap around the patient’s limbs. Air is pumped through the tubing into 
the cuffs until the pressure inside the cuff reaches a set pressure. The cuff remains inflated at the set pres-
sure for a set period of time. Pressure is then relieved from the cuff and the cuff remains deflated for another 
set period of time. The compression unit will continuously repeat this cycle of inflation and deflation.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2 2
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability  of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing  
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant  history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 DPM 4 Pressure Meter (or equivalent)
 Stopwatch or watch with a second hand
 Tubing and connectors to connect to DPM 4
 Compression set
 PVC pipe to attach compression set to

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current - isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V dc applied < 2 MΩ

Compression Unit  
Procedure Estimated time: 20 minutes
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Test Result
 

Pass Fail N/A
Preventive maintenance
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Pressure accuracy ± 2 %
      Timing cycle accuracy ± 2 %
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage

Preventive maintenance
Replace battery
The battery should be replaced every 24 months. Replace if necessary.  

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Figure 8-1. Testing pressure 
accuracy of a compression unit 
with the DPM 4.
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Performance inspection
Verify unit operates on battery
Ensure the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Pressure accuracy
This test requires a tubing set to connect the compression unit to the DPM 4. A simple test set can be con-
structed from a disposable compression set. Cut the tubing a short distance from the connector for the 
compression unit. Insert a luer connector into the tubing to connect to the DPM 4. If the compression set 
has multiple inflation tubes, occlude the remaining open tubing using tie-wraps. Connect the test set to the 
compression unit. The DPM 4 defaults to pressure units in mmHg, as do most compression units. If the pres-
sure gauge is in another unit of measurement, press the soft key labeled UNIT and then select desired unit.  
The DPM 4 should read zero mmHg when the pressure port is open to atmosphere. Connect the test set to the 
pressure port of the DPM 4.  

Start the compression cycle on the compression unit. Measure the reading using the DPM 4 and compare 
this value with the display on the compression unit. If the compression unit has multiple settings, mea-
sure the pressure readings throughout its range. The pressure displayed on the compression unit should be 
within 2 percent of the pressure measured on the DPM 4.  For a pressure reading of 45 mmHg, the measured 
pressure should be between 44.10 mmHg and 45.90 mmHg.

Timing cycle accuracy
Disconnect the DPM 4 and test tubing from the compression unit and connect a complete compression set. 
For testing, attach the compression set to a piece of PVC pipe or other rigid pipe to simulate a limb. Start 
the compression cycle. Use a stopwatch or a watch with a second hand to measure the length of time the 
pressure is held. When the compression unit deflates, measure the length of time before the next inflation. 
Compare the measured times to the compression unit’s setting. The measured time should be within 2 per-
cent of the set time.

Verify operation of alarms
Simulate any alarm conditions. Verify all alarms are functional and the volume is adequately loud. Ensure 
appropriate visual indicators are functioning.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any alarms that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Ensure the pacer is turned 
off and that any settings that were adjusted are returned to their original settings. Plug in the power cord to 
ensure the battery remains charged and ready for use.
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Chapter 9:
Defibrillators and External  
Non-Invasive Pacemakers

Defibrillators
Defibrillators deliver electric impulses to the heart through the chest wall in order to restore a normal rhythm 
in patients experiencing ventricular fibrillation or ventricular tachycardia. The high electrical energy stops 
the independent action of the individual muscle fibers to allow the natural pacemaker of the heart to take 
over. A set charge is generated and delivered through a set of paddles, or disposable defibrillation electrodes, 
through the chest wall. The defibrillator’s output energy typically ranges from 0 J to 360 J. Most defibrillators 
also include an electrocardiograph to monitor the patient’s rhythm. Some defibrillators include an external 
transcutaneous pacer function. Electrical impulses are delivered to the heart, causing the heart to contract. 
This is used for emergency treatment of asystole, severe bradycardia, implantable pacemaker failure, or other 
conditions requiring emergency cardiac pacing. Modern defibrillators can also incorporate other physiologic 
monitoring, such as non-invasive blood pressure, pulse oximetry, and side stream carbon dioxide monitoring.

Recommended functional test frequency: Semi-annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems 3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 13
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 2
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 Impulse 7000 Defibrillator Analyzer (or equivalent)
 Ohmmeter (can be a multimeter, such as the Fluke 73 series digital multimeter)
 Cables and connectors to connect defibrillator to analyzer

Test Result
Pass Fail N/A
Physical condition

Device is clean and decontaminated
No physical damage to case, display, mounts, cart, or components
Switches and controls operable and correctly aligned
Display intensity adequate for daytime use
Control numbers, labeling, and warnings present and legible
Inlets and hoses
Power cord, accessory cables, charger
Filters and vents clean

Electrical safety Criteria IEC 62353
Ground wire resistance/protective earth 0.3 W

Chassis leakage
< 100 µA NC 
< 500 A SPC

Patient leakage current
< 100 µA B and BF 
< 10 µA CF

Patient lead leakage current – isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

Insulation test (optional) 500 V < 2 Ω
Preventive maintenance

Replace battery every 24 months
Verify electrodes, gel and paddles are stored with the defibrillator and are within expiration 
dates
Verify proper time and date, correct if necessary
Complete model-specific preventive maintenance

Defibrillator 
Procedure Estimated time: 30 minutes
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Test Result  

Pass Fail N/A
Performance testing
      Verify unit operates on battery
      Paddle continuity ≤ 0.15 Ω
      Heart rate accuracy ± 5 %
      Recorder speed ± 4 %
      Verify operation of alarms
      Output accuracy ± 15 %
      Output accuracy, multiple loads ± 15 % (each delivery)

     
Output energy at maximum setting for 10 charge cycles (battery 
power) ± 15 %

      Charge time after 10 discharge cycles (battery power) ≤ 15 sec
      Energy after 60 sec of full charge (battery power) ≥ 85 %
      Internal discharge function
      Synchronizer operation ≤ 60 msec
      Shock advisory/AED functionality
      Pacer output accuracy ± 10 %
      Pacer rate accuracy ± 5 %
      Demand-mode sensitivity
      Complete model-specific performance testing 

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance, 
chassis leakage, and lead leakage.

Preventive maintenance
Replace battery
The battery should be replaced every 24 months. Replace if necessary. Verify electrodes and defibrillator gel 
or disposable paddles are stored with the defibrillator and are within expiration dates. Verify ECG electrodes 
are stored with the unit. If hard paddles are used, verify defibrillator gel is stored with the unit. The conduc-
tive gel should be for use with defibrillators and lotion, skin lubricant, or ultrasound gel should not be used. 
If hard paddles are not used, verify that disposable pads are stored with the unit. Check the expiration date 
on the electrodes, gel, and disposable paddles.

Verify proper time and date
Verify the time and date displayed on the defibrillator is correct. If the time and date is not displayed on the 
defibrillator monitor, print a strip from the recorder. The time and date should appear on the printed strip. 
Correct the time and date as necessary.

Complete model-specific preventive maintenance
Refer to the defibrillator’s service manual for preventive maintenance tasks specific to the device. Complete 
the preventive maintenance per manufacturer’s procedure.
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Performance inspection
Verify unit operates on battery
Verify the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Paddle continuity
Connect the ohmmeter between a paddle and the appropriate pin on the paddle connector. The resistance 
should not be higher than 0.15 Ω. Repeat for the other paddle (this step can be skipped if only disposable 
paddles are used).

Heart rate accuracy
Connect the ECG leads to the lead connectors on the Impulse 7000. On the Impulse 7000, press ECG to enter 
the ECG menu. Press F1 (NORMAL SINUS) to select a normal sinus rhythm. In the NORMAL SINUS menu, press 
F1 (RATE) to set the heart rate to 60 bpm. On the defibrillator, set the ECG source to Lead II.

Figure 9-1. Impulse 7000 connected to 
a defibrillator for performance testing.

Figure 9-2. ECG Cables connected to 
Impulse 7000.
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The heart rate should be within 5 percent of the set rate. For a simulated heart rate of 60 bpm, the dis-
played rate should be between 57 bpm and 63 bpm. Set the heart rate on the Impulse 7000 to 120 bpm. The 
displayed heart rate should be between 114 bpm and 126 bpm.

Recorder speed
Set the heart rate on the Impulse 7000 to 60 bpm. Record a strip on the defibrillator. Measure the distance 
between the peaks of the QRS complex. With a recorder speed of 25 mm/sec, the QRS peaks should be 
between 24 mm and 26 mm apart.

Verify operation of alarms
Verify all alarms are functional and the volume is adequately loud. Ensure appropriate visual indicators are 
functioning. Note the alarm settings on the defibrillator. Set the low limit to 35 bpm and the high limit to 155 
bpm. The alarm limits may not be able to be set to these exact values, depending on the defibrillator. If that 
is the case, set the alarm limits to the next closest value, keeping the low limit above 30 bpm and the high 
limit below 160 bpm.

Press ECG on the Impulse 7000 to enter the ECG menu. Press F1 (NORMAL SINUS) to select a normal sinus 
rhythm. Set the heart rate to 30 bpm. The alarm should sound. Increase the heart rate to 80 bpm and clear 
the alarm if necessary. Set the heart rate to 160 bpm. Verify the alarm sounds when the heart rate increases 
beyond the high alarm limit. Set the heart rate back to 80 bpm and clear any alarms. Return the alarm limits 
to their previous settings.

Output accuracy
Connect the defibrillator paddles to the paddle contacts on the Impulse 7000. The apex contact is on the 
right and the sternum contact is on the left.

If disposable paddles are being used, you will need a test set to connect the defibrillator cable to the 
Impulse 7000. A simple test set can be made from a set of disposable paddles. Cut the pads off of the set 
leaving the connector and two lengths of wire. Strip the ends of the wires and install banana plugs. Insert 
the banana plugs into the paddle contacts of the Impulse 7000. Connect the test set to the defibrillator cable.

With the Impulse 7000 set to a heart rate of 80 bpm, set the ECG source on the defibrillator to paddles. 
View the ECG trace on the defibrillator. If the trace appears upside down, reverse the paddle connections.

Return to the main menu of the Impulse 7000. Select DEFIB to enter the defibrillator menu, then F1 
(ENERGY). Measure the energy output of the defibrillator throughout its range. At a minimum, measure the 
output at the lowest setting, a mid-level setting, and the highest setting. The output should be within 15 
percent of the set energy level. At 360 J, the energy output should be between 306 J and 414 J. Press F4 
(SUMMARY) to view all results.

Output energy at maximum setting for 10 charge cycles
Disconnect the defibrillator from mains power and perform the following test on battery. Set the energy on 
the defibrillator to the maximum setting. Charge the defibrillator and then discharge into the Impulse 7000. 
Repeat this charge and discharge cycle 10 times. On the tenth shock, the energy output should still be 
within 15 percent of the setting. Press F4 (SUMMARY) to view the results from each discharge.

Charge time after 10 charge cycles
Measure the charge time on the maximum energy setting after 10 discharge cycles while the defibrilla-
tor is still powered by the battery (not mains power). From the DEFIB menu on the Impulse 7000, select 
F3 (CHARGE TIME). Connect the defibrillator paddles to the paddle contacts on the Impulse 7000. Press F3 
(MEASURE) and wait for the countdown timer to reach zero seconds, then, start charging the defibrillator. 
When the defibrillator is fully charged, immediately discharge into the Impulse 7000. The energy output and 
the charge time will be displayed. The charge time should not exceed 15 s.
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Energy after 60 seconds of full charge
Charge the defibrillator at its maximum setting. Wait 60 seconds, then discharge into the Impulse 7000. The 
output should be at least 85 percent of the energy setting. At a setting of 360 J, the output should be at least 
306 J. Press F4 (SUMMARY) to view the results from the discharge.

Internal discharge function
The defibrillator should have a method of discharging stored energy. Some models have a button on the 
front panel for this function. Others release the energy after a set time or when the defibrillator is turned off. 
Check the service manual for specific operation of the internal discharge function. Charge the defibrillator 
and do not discharge. Allow the energy to be discharged internally. Attempt to discharge into the Impulse 
7000. Verify no energy has been delivered.

Synchronizer operation
Set the ECG source on the defibrillator to Lead II. Put the defibrillator into synch mode. Return to the main 
menu of the Impulse 7000. Select DEFIB to enter the defibrillator menu. Press F2 (SYNCH) for the cardiover-
sion menu. Press F1 (SET WAVE) and select ATRIAL FIBRILLATION RHYTHM, then press F4 (TYPE) and select 

Figure 9-3. Charge time testing.

If the defibrillator includes Shock Advisory or AED 
functionality, this must be tested. To test Shock 
Advisory/AEC functionality, select the DEFIB button 
on the Impulse 7000 front panel. Select F1 (SET 
WAVE) and use the navigation buttons to select a 
non-shockable rhythm (e.g., Asystole, etc.). Turn on 
the Shock Advisory/AED function on the defibrilla-
tor. Select 100 Joules and charge the defibrillator. 
When the defibrillator indicates it is ready, press 
the discharge button on the defibrillator to deliver 
the energy into Impulse 7000. Note the audible and 
visual indication, “no shock advised” is heard and 
displayed, and that no energy was delivered. The 
defibrillator should then prompt to begin delivering 
CPR, and at some point prompt to charge the defi-
brillator and repeat the energy delivery attempt.

On the Impulse 7000, select F1 (SET WAVE) and 
use the navigation arrow buttons to select a shock-
able rhythm (e.g., VFib, etc.). Select F2  (WAVE 
CONVERSION) and use the navigation arrow but-
tons to select CONVERT. On the defibrillator turn on 
the Shock Advisory/AED function. Select 100 Joules 
and charge the defibrillator. When the defibrillator 
indicates it is ready, press the discharge button on 
the defibrillator to deliver the energy into Impulse 
7000. Note the audible and visual indication, “shock 
advised, stand clear” is heard and displayed, and 
the defibrillator prompts to charge the defibrilla-
tor, deliver the energy, and energy is delivered. The 
defibrillator should then prompt to check for pulse 
and, if no pulse is detected, to begin delivering 
CPR. Turn off the Shock Advisory, then, turn off the 
defibrillator.

Shock Advisory/AED functionality tests
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COURSE. Press F5 (DONE) to return to the SYNCH menu and press F2 (WAVE CONVERSION) and select CON-
VERT. Charge the defibrillator. Press and hold the discharge button(s) on the defibrillator. The delay time 
should not be more than 60 ms. Press F4 (SUMMARY) to view the results from the discharge.

Pacer output accuracy
Connect the ECG leads to the lead connectors on the Impulse 7000. On the defibrillator, set the ECG source 
to Lead II. Connect the pacing cable to the defibrillator if necessary. You will need a test set to connect the 
pacing cable to the Impulse 7000. A test set can be made from the disposable pads as described above. Con-
nect the pacing cable leads to the pacer jacks of the Impulse 7000.

From the front panel of the Impulse 7000, press the PACER button. Press the F1 (BRAND) soft key to select 
the external transcutaneous pacer brand to be tested. Press the F2 (INPUT JACKS) soft key to select the input 
jacks to which the external transcutaneous pacemaker DUT will be connected. By selecting the brand and 
pacer jacks as the input connection, the appropriate test load will automatically be applied. If the defib jacks 
are selected as the input connection, the internal 50 W test load is the only load that will be used, whether 
or not this is appropriate for the brand of pacer under test. Press the F5 (DONE) soft key to start the test. Set 
the pacing rate on the defibrillator to 120 ppm.

Set the defibrillator output current to the minimum setting and start pacing. Once the defibrillator/pacer 
output current is sensed by the Impulse 7000, the pacer test selections will be displayed. Press the F2 
(DEMAND) soft key. The default heart rate is 60 bpm. The ECG waveform should display pacing spikes at 
approximately the midpoint between QRS peaks and on top of QRS peaks. The Impulse 7000 will display the 

pacer output amplitude in mA. Measure the pacer output over its entire range by changing the defibrillator/
pacer current setting. The measured output should be within 10 percent of the set output. For an amplitude 
setting of 100 mA, the measured output should be between 90 mA and 110 mA.

Pacer rate accuracy
While measuring pacer output, the Impulse 7000 also displays the pulse rate. The measured pulse rate 
should be within 5 percent of the set rate. For a rate of 120 ppm, the pulse rate should be between 114 
ppm and 126 ppm. Measure the pulse rate throughout its range by adjusting the pacer pulse rate on the 
defibrillator/pacer.

Demand-mode sensitivity
Turn on DEMAND MODE on the defibrillator pacer if necessary. From the Impulse 7000 PACER menu, press 
F2 (DEMAND). The heart rate default output from the Impulse 7000 is 60 bpm. Adjust the overdrive on the 
Impulse 7000 to 60 bpm. The defibrillator/pacer output should stop. No output should be measured on the 
Impulse 7000 and pacing spikes should not appear on the ECG trace. Adjust the overdrive on the Impulse 
7000 to just below 60 ppm. Pacing should start again.

From the Impulse 7000 PACER menu, press the F4 (SUMMARY) soft key. With the pacer in DEMAND mode, 
the Impulse 7000 will display the calculated underdrive and overdrive ECG rates. A normal sinus rhythm 
waveform will be displayed on the ECG trace. Pacing spikes should appear on the ECG trace. Press F2 (OVER) 
to select the overdrive ECG rate. Verify the pacing stops with this higher rate. Turn off the pacer and return 
the output and rate to their previous settings.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure. Be sure to test all other physiologic monitoring functions 
included on the defibrillator.

***IMPORTANT***

DO NOT TOUCH THE PADDLE CONTACTS ON THE IMPULSE 7000 
WHILE THE DEFIBRILLATOR PACER IS ON. TURN THE PACER OFF 

BEFORE ADJUSTING OR REMOVING CONNECTIONS.
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Return to service
Before returning to use, return any alarms that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Ensure the pacer is turned 
off and that any settings that were adjusted are returned to their original settings. Plug in the power cord to 
ensure the battery remains charged and ready for use.

External non-invasive pacemakers
External pacemakers deliver electric impulses to the heart through the chest wall in order to provide tempo-
rary pacing of the heart. External pacemakers consist of electronic circuitry that controls the pulse rate and 
output current and a two-lead cable used to connect it to disposable adhesive electrodes (for transcutaneous 
pacing) or a pacing electrode advanced through a vein (for transvenous pacing). During transvenous pacing, 
the pacing electrode is advanced through the vein under fluoroscopic and electrocardiographic guidance. A 
post-procedure X-ray is routinely conducted to confirm placement of the pacing electrode.

Electrical impulses are delivered to the heart, causing the heart to contract. All chambers of the heart are 
stimulated simultaneously. External pacemakers are used to assist in resuscitation, correct arrhythmias, such 
as asystole or bradycardia, or to temporarily pace during procedures that may induce these arrhythmias.

Recommended functional test frequency: semi-annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4  
Device is used for a life support 5 5
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems 3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 14
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 2
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 SigmaPace 1000 External Pacemaker Analyzer (or equivalent)
 Cables and connectors to connect pacemaker to analyzer

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω
      Chassis leakage < 100 µA NC 

< 500 A SPC
      Patient leakage current < 100 µA B and BF 

< 10 µA CF
      Patient lead leakage current - isolation test (mains on patient applied part) < 100 µA BF 

< 10 µA CF
      Insulation test (optional) 500 V < 2 MΩ
Preventive maintenance
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Rate accuracy ± 5 %
      Output accuracy ± 10 %
      Pulse width ± 10 %
      Alarm function
      Complete model-specific performance testing 

External Non-Invasive 
Pacemaker Procedure Estimated time: 20 minutes
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Physical condition
Check the physical condition of the device as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance, 
chassis leakage, and lead leakage.

Preventive maintenance
Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the pacemaker’s service manual for preventive maintenance tasks specific to the device. Complete 
the preventive maintenance per manufacturer’s procedure.

Performance inspection
Verify unit operates on battery
Verify the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Output accuracy
Connect the pacemaker to the input jacks on the front of the analyzer. Power on the analyzer and press F1 
(NONINV) to select non-invasive pacing. Press F3 (BRAND) to cycle through the available manufacturers. The 
preset test load will appear for each manufacturer. If necessary, press F4 (LOAD) to adjust the test load. Refer 
to the pacemaker’s manual for the proper load. Press F1 (NEXT) once the proper manufacturer and test load 
have been selected.

Set the pacing rate on the pacemaker to 80 ppm. Set the pacemaker output to the minimum setting and 
start pacing. The SigmaPace 1000 will display the pacer output amplitude in mA. Measure the pacer output 
over its entire range. The measured output should be within 10 percent of the set output. For an output set-
ting of 100 mA, the measured output should be between 90 mA and 110 mA.

Rate accuracy
While measuring pacer output, the SigmaPace 1000 also displays the pulse rate. The measured pulse rate 
should be within 5 percent of the set rate. For a rate of 80 ppm, the pulse rate should be between 84 ppm 
and 76 ppm. Slowly adjust the pulse rate on the pacemaker and measure the pulse rate throughout its range.

***IMPORTANT***

DO NOT TOUCH EXPOSED CONNECTORS WHILE THE PACEMAKER IS ON. TURN 
THE PACER OFF BEFORE ADJUSTING OR REMOVING CONNECTIONS.
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Pulse width
While measuring pacer output, the SigmaPace 1000 will display the pulse width. Typical pulse widths 
are between 0.5 ms to 2.0ms. Measure the pulse width across its range. The measured pulse width should 
be within 10 percent of the set width. For a pulse width of 2.0 ms, the measured pulse width should be 
between 1.8 ms and 2.2 ms.

Verify operation of alarms
Simulate alarm conditions. Ensure all alarms are functional and the volume is adequately loud. Ensure 
appropriate visual indicators are functioning.

Complete model-specific performance testing
Refer to the external pacemaker’s service manual for performance inspection tasks specific to the device. 
Complete the performance inspection per manufacturer’s procedure. Be sure to test all other physiologic 
monitoring functions included on the defibrillator.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. If equipped with a 
power cord or charger, plug in to ensure the battery remains charged and ready for use.

Figure 9-4. External pacemaker 
testing with SigmaPace 1000.
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Electrosurgical unit
Electrosurgical units (ESU) use a high-frequency electrical current to cut tissue and control bleeding by 
causing coagulation. Tissue resistance to the high-density current causes a heating effect which results in 
tissue destruction. Electrical current is delivered and received through cables and electrodes. The electrodes 
may be activated by either a hand piece switch or a footswitch. The ESU may use a monopolar or a bipolar 
mode. In monopolar mode, electrical current is delivered to the patient via an active cable and electrode. 
The current returns to the unit through a return electrode pad or plate to disperse the return current, thus 
preventing focused heat which can cause burns. In bipolar mode, two electrodes, typically the tips of a pair 
of forceps or scissors, serve as the equivalent of the active and dispersive leads in the monopolar mode.

Recommended functional test frequency: Semi-annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis, or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  

Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis, or loss of monitoring 3  
Device failure could result in severe injury to, or death of, patient or user 4 4

Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1 1  
Common device failure modes are unpredictable or not very predictable 2 2 2
While common device failure modes are not very predictable, device history indicates that TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  

Incident history
No significant history 1  
A significant history of incidents exists 2 2

Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 13

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 2

Chapter 10:
Electrosurgical Unit
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Equipment information

Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 QA-ES II Electrosurgery Analyzer (or equivalent) 
 Cables and connectors to connect ESU to QA-ES II

Test Result
 

Pass Fail N/A

Physical condition

      Device is clean and decontaminated

      No physical damage to case, display, mounts, cart, or components

      Switches and controls operable and correctly aligned

      Display intensity adequate for daytime use

      Control numbers, labeling, and warnings present and legible

      Inlets and hoses

      Power cord, accessory cables, charger

      Filters and vents clean

Electrical safety Criteria IEC 62353

      Ground wire resistance < 0.3 Ω

      Chassis leakage
< 100 µA NC

< 500 µA SFC

      Patient leakage current
< 100 µA B and BF
< 10 µA CF

      Patient lead leakage current: isolation test (mains on applied part)
< 100 µA BF
< 10 µA CF

      Insulation test (optional) 500V < 2 MΩ

Preventive maintenance

      Replace filters as necessary

      Complete model-specific preventive maintenance

Estimated time: 20 minutes

Electrosurgical Unit 
Procedure
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Test Result
 

Pass Fail N/A

Performance testing

      Inspect dispersive electrode

      Operation of footswitch

      Output power ± 15 %

      Power distribution testing ± 15 W

      RF (High-frequency) leakage current testing, monopolar ± 100 mA

      RF (High-frequency) leakage current testing, bipolar ± 60 mA

      Return electrode monitor

      Alarms

      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage

Preventive maintenance

Replace filters
Inspect filters and replace as necessary. Refer to the device service manual for filter replacement.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Inspect dispersive electrode
Inspect reusable dispersive electrodes for cracks, bends, burn marks, severe scratching, or a build-up of gel. 
Electrodes should be smooth and clean to allow maximum contact area to the patient.

Operation of footswitch
Check the physical condition of the footswitch. Ensure the footswitch does not stick in the ON position. Both 
cut and coagulation mode should be able to be activated using the footswitch.

***IMPORTANT***

DO NOT TOUCH THE ACTIVE ELECTRODE OR RETURN PAD/PLATE OF THE 
ESU WHILE IT IS ACTIVATED IN EITHER CUT OR COAGULATION MODE. TURN 

THE ESU OFF BEFORE ADJUSTING OR REMOVING CONNECTIONS.
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Power distribution/output tests
Power distribution/output tests measure the power output properties of the ESU and supply output current 
(A), power (W), peak-to-peak voltage (V), and crest factor values. The power distribution test evaluates the 
output across multiple loads to determine how well the impedance-sensing-circuits of the ESU automatically 
adjust the output of the ESU so that it is not reduced by the  presented load. It is not possible to evaluate this 
type of functionality without using multiple loads.

Connect the switchbox accessory to the QA-ES II as shown in the illustration.

Output power
Connect the monopolar active electrode and the dispersive electrode of the ESU to the QA-ES II as demon-
strated in the illustration.

Figure 10-2. Monopolar power distribution/output 
test connections.
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Ensure the switchbox is set to CUT. Put the QA-ES II in single-operation mode. From the main menu, press 
KNOB PARAM (F2) until an asterisk (*) appears by MODE. Turn the encoder knob until SINGLE OPER appears 
on the screen. Press the ENTER button on the QA-ES II front panel. Press KNOB PARAM to adjust the test load. 
An asterisk should appear by LOAD on the screen. Use the encoder knob to select the load resistance. Check 
the ESU’s service manual for the appropriate load resistance. Press the ENTER button on the QA-ES II front 
panel.

Turn the ESU on and put it into cut mode and set the energy output to minimum. Press START (F3) to start 
measuring the energy output. The QA-ES II internal footswitch will activate the ESU and the measured 
energy output will be displayed on the screen of the QA-ES II. Adjust the ESU output to its maximum cut 
setting. Press the START key again. Measure the output on the QA-ES II in cut mode according to the table 
below. The actual output should be within 15 percent of the set output. For an output setting of 300W, the 
measured output should be between 255W and 345W. Measure the output at 75 percent, 50 percent, and 25 
percent of the maximum setting.

Change the position of the switchbox switch to COAG. Repeat the output measurements with the ESU in 
coagulation mode according to the table below. Start with the minimum setting and then outputs at 100 
percent, 75 percent, and 25 percent of the maximum setting. All measurements should be within 15 percent 
of the set output.

Power setting output (± 15 %) test results
Test mode % Of max Setting Low High Reading Pass Fail

Cut 100% 300 W 255 W 345 W      
75% 225 W 191.3 W 258.8 W      
50% 150 W 127.5 W 172.5 W      
25% 75 W 63.8 W 86.3 W      

Coagulation 100% 120 W 102 W 138 W      
75% 90 W 76.5 W 103.5 W      
50% 60 W 51 W 69 W      
25% 30 W 25.5 W 34.5 W      

Connect the ESU bipolar active electrode 
and the return of the bipolar electrode to the 
QA-ES II as shown in the illustration. The 
load resistance may need to be adjusted for 
bipolar operation.

Place the switchbox accessory switch in 
the CUT position. On the QA-ES II, press 
START to activate the ESU and repeat the 
output measurements for both CUT and 
COAGULATION modes as demonstrated in 
the table below.
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Figure 10-3. Bipolar power distribution/output test 
connections.
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Power setting output (± 15 %) test results

Test mode % of max Setting Low High Reading Pass Fail

Cut 100% 50 W 42.5 W 57.5 W      

75% 37.5 W 31.9 W 43.1 W      

50% 25 W 21.3 W 28.8 W      

25% 12.5 W 10.6 W 14.4 W      

Coagulation 100% 50 W 42.5 W 57.5 W      

75% 37.5 W 31.9 W 43.1 W      

50% 25 W 21.3 W 28.8 W      

25% 12.5 W 10.6 W 14.4 W      

Power distribution tests
Connect the monopolar active electrode and the dispersive electrode of the ESU to the QA-ES II in accor-
dance with the illustration shown for OUTPUT POWER tests. Ensure the switchbox switch is set to CUT. 
Put the QA-ES II in POWER DISTRIBUTION mode. From the main menu, press KNOB PARAM until an aster-
isk appears by MODE. Turn the encoder knob until POWER DISTRIBUTION appears on the screen. Press the 
ENTER button on the QA-ES II front panel. Press SETUP (F4) to select the test loads to be included in the 
power distribution tests. Use the encoder knob to set the PWR DISTR START LOAD. An asterisk should appear 
by LOAD on the screen. Use the encoder knob to select the load resistance. Press KNOB PARAM and set the 
PWR DISTR END LOAD. An asterisk should appear by the load on the screen. Press PWR DISTR STEP SIZE. 
An asterisk should appear by SIZE on the screen. Check the ESU’s service manual for the appropriate load 
resistance. Press the ENTER button on the QA-ES II front panel. Press the QUIT MENU (F5) soft key to return 
to the main display of the QA-ES II.

Turn the ESU on, put it in CUT mode and set the energy output to minimum. Press START to start mea-
suring the energy output. The QA-ES II internal footswitch will activate the ESU and the measured energy 
output will be displayed on the screen of the QA-ES II. The table shows an example of the load values and 
test limits for one output energy setting when the power distribution step size is set to 50 Ω. The power dis-
tribution test should be done for low, medium, and high output energy settings at minimum.

Power setting Output (± 15 %) Test results

Test mode Load Setting Low High Reading Pass Fail

Cut 20 Ω 50 W 30 W 80 W      

70 Ω 50 W 30 W 80 W      

120 Ω 50 W 30 W 80 W      

170 Ω 50 W 30 W 80 W      

Coagulation 20 Ω 50 W 30 W 80 W      

70 Ω 50 W 30 W 80 W      

120 Ω 50 W 30 W 80 W      

170 Ω 50 W 30 W 80 W      

High Frequency (RF) leakage current tests
The RF leakage current in electrosurgical units is a critical parameter to measure because it may cause 
accidental burns in patients. The particular standard for electrosurgical units, IEC 60601-2-2, indicates the 
maximum RF leakage levels and defines the elements and their layout to do these measurements.
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First, determine whether the ESU to be tested is earthed/grounded or isolated. Then, select the correct 
illustration for connecting the ESU to the QA-ES II using the switchbox accessory. Both active and neutral/
patient plate of the ESU must be tested separately. 
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Figure 10-4. Active electrode; grounded ESU.

Figure 10-5. Neutral/patient plate electrode; 
grounded ESU.
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Connect the monopolar active electrode and the dispersive electrode of the ESU to the QAES II as dem-
onstrated in the High Frequency Leakage tests illustration. Ensure the switchbox switch is set to COAG. Put 
the QA-ES II into RF LEAKAGE mode. From the main menu, press KNOB PARAM until an asterisk appears by 
Mode. Turn the encoder knob until RF LEAKAGE appears on the screen. Press ENTER on the QA-ES II front 
panel. Press KNOB PARAM and set the LOAD. An asterisk should appear by the load on the screen. Use the 
encoder knob to select the appropriate test load. Check the ESU’s service manual for the appropriate load 
resistance. Press ENTER on the QA-ES II front panel.

Turn the ESU on, put it in COAG mode and set the energy output to maximum. Press START to begin mea-
suring the high frequency leakage current. The QA-ES II internal footswitch will activate the ESU and the 
measured high frequency leakage current will be displayed on the screen of the QA-ES II. The table shows 
an example of the load values and test limits for high frequency leakage current for both monopolar and 
bipolar modes of the ESU operation.

 Power setting RF leakage Limits Test results

Test mode Electrode Load Setting Low High Reading Pass Fail

Monopolar 
coagulation

Active 200 Ω  Maximum 
W

NA 100 mA      

Neutral 200 Ω  Maximum 
W

NA 100 mA      

Bipolar 
coagulation

First wiring 200 Ω  Maximum 
W

NA 60 mA      

Second 
wiring

200 Ω  Maximum 
W

NA 60 mA      

Return electrode current monitor tests (RECM)
Connect the dispersive electrode to the ESU. Then, connect the two wires of the dispersive electrode to the 
red and black connectors of the RECM test box (a decade resistance box) as shown in the illustration. To 
make a quick test set from a disposable dispersive electrode, cut the electrode from the cable and separate 
the two wires in the dispersive cable. Strip the wires and attach banana plug connectors.

The return electrode alarm should sound if the dispersive cable is disconnected from the ESU.  
The ESU should not activate when the return electrode monitor is alarming.

REM plug and resistance substitution box
1. Set the resistance substitution box to 120 Ω. Connect the resistance box to the generator and  

confirm the REM indicator illuminates green.
2. Slowly increase the resistance and verify the REM alarm sounds at 135 ± 5 Ω.
3. Decrease the resistance to 60 Ω and verify the REM indicator illuminates green.
4. Increase the resistance to 100 Ω and verify the REM alarm sounds.
5. Decrease the resistance to 30 Ω and verify the REM indicator illuminates green.
6. Decrease the resistance to 10 Ω and verify the REM indicator illuminates green.
7. Decrease the resistance to 3 Ω and verify the REM alarm sounds.
8. Switch to a connector without the pin, and increase the resistance from 3 to 24 Ω.  

Verify the REM alarm sounds.
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Verify operation of alarms
Simulate any alarm conditions. Verify all alarms are functional and the volume is adequately loud. Ensure 
appropriate visual indicators are functioning.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings.

Figure 10-10. RECM test connection examples.
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Hypo/hyperthermia units regulate a patient’s temperature using circulating water in a mattress pad (large 
or small). By adjusting the temperature of the water in the mattress pad, the patient may be either heated 
or cooled. These devices typically consist of a water reservoir, a heating element, a cooling system, a pump 
for circulating water, and a mattress pad or blanket designed for water circulation. The units also have a 
thermostat and circuitry for maintaining a set temperature.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 11

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1

Chapter 11:
Hypo/Hyperthermia Unit
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 DPM 4 with temperature probe (or equivalent) 
 Water flow meter
 Tubing and connectors to connect flow meter

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current - isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V dc applied < 2 MΩ
Preventive maintenance
      Insepct and clean reservoir

Lubricate motor
      Complete model-specific preventive maintenance

Estimated time: 35 minutes

Hypo/Hyperthermia Unit  
Procedure
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Test Result
 

Pass Fail N/A
Performance testing
      Fluid level
      Flow rate
      Temperature accuracy ± 1 ºC
      High temperature protection ≥ 43 ºC
      Low temperature protection ≤ 1 ºC
      Temperature probe accuracy ± 1 ºC
      Alarms
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Inspect and clean reservoir
Empty the water reservoir. Check for cracks and leaks. Inspect the condition of rubber seals and replace as 
necessary. Clean any debris or mineral build up from the reservoir. Refill the reservoir tank with distilled 
water only, as tap water can cause mineral buildup in the device. 

Lubricate motor
Follow the manufacturer’s instructions in the service manual for lubricating the pump motor. Not all motors 
will need to be lubricated.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Fluid level
Ensure water is at an adequate level in the reservoir. There should be enough water to circulate throughout 
the blanket, but the water reservoir should not be overfilled.

Flow rate
Connect a blanket to the hypo/hyperthermia unit. Connect a water flow meter between the outlet of the 
hypo/hyperthermia unit and the inlet of the blanket. Check the service manual for flow rate specifications. 

Temperature accuracy
Connect the temperature probe to the TEMP connector on the side of the DPM 4. If the temperature units 
need to be changed, press the soft key labeled UNIT on the DPM 4. Then, use the menu scroll keys until C/F 
is displayed. Press the soft key labeled C/F to choose Celsius or Fahrenheit as desired. 
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Connect a blanket to the hypo/hyperthermia unit. Insert the temperature probe into the water reservoir to 
measure the circulating water temperature. Set the temperature of the hypo/hyperthermia unit to its lowest 
setting. Allow the water temperature to stabilize. Repeat the temperature measurement with a midrange 
temperature and the maximum temperature setting. The measured temperature should be within 1 °C of the 
set temperature. For set temperature of 42 °C, the measured temperature should be between 41 °C and 43 °C.

High temperature protection
Connect a blanket to the hypo/hyperthermia unit and insert the tem-
perature probe into the water reservoir. Set the temperature on the 
hypo/hyperthermia unit to its maximum setting. If the hypo/hyper-
thermia unit is equipped with a patient temperature probe, expose the 
temperature probe to room air. The temperature of the circulating water 
should increase until the hypo/hyperthermia unit’s temperature alarm 
sounds. Note the temperature at which the alarm sounds on the DPM 4. 
Check the service manual for the specific high temperature limit and 
compare this value with the measured temperature. The measured 
temperature should be within 1 °C of the high temperature limit. For a 
high temperature limit of 43 °C, the measured high temperature should 
be between 42 °C and 44 °C. If the hypo/hyperthermia is not equipped 
with a patient temperature probe, follow the manufacturer’s procedure 
for overriding the thermostat.

Low temperature protection
If the hypo/hyperthermia unit is equipped with a low temperature alarm, set the temperature on the hypo/
hyperthermia unit to its lowest setting. If the hypo/hyperthermia unit is equipped with a patient temperature 
probe, expose the temperature probe to room air. The temperature of the circulating water should decrease 
until the hypo/hyperthermia unit alarms low temperature. Note the temperature at which the alarm sounds 
on the DPM 4. Check the service manual for the specific low temperature limit and compare this value with 
the measured temperature. The measured temperature should be within 1 °C of the low temperature limit. If 
the hypo/hyperthermia is not equipped with a patient temperature probe, follow the manufacturer’s proce-
dure for overriding the thermostat.

Temperature probe accuracy
Fill a container with warm water (about 30 °C). Insert the temperature probe from the hypo/hyperthermia 
unit and the temperature probe from the DPM 4 into the water. The temperature displayed on the hypo/
hyperthermia unit should be within 1 °C of the temperature measured on the DPM 4. For a temperature of  
30 °C, the displayed temperature should be between 29 °C and 31 °C.

Alarm function
Ensure all alarms are functional and the volume is adequately loud. Verify appropriate visual indicators are 
functioning. If the hypo/hyperthermia unit is equipped with a low reservoir alarm, drain the reservoir to 
below the low water level. Run the hypo/hyperthermia unit. The low reservoir alarm should sound. Fill the 
reservoir with distilled water until the alarm clears.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any adjusted settings to their original settings. Ensure the volume of the 
audible alarms is loud enough to be heard in normal operating conditions. If the hypo/hyperthermia unit 
is going to be used in the near future, Ensure there is an adequate water level in the reservoir. If the hypo/
hyperthermia unit will not be used soon, drain the water from the reservoir. 

Figure 11-1. Fluke Biomedical DPM4 
Pressure Meter
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Chapter 12:
Infusion Devices

Enteral feeding pump
Enteral feeding pumps are used in patients without gastrointestinal complications who are unable or unwill-
ing to consume adequate nutrients. Feeding solutions are delivered to the patient through temporary or 
surgically-implanted feeding tubes. The pumps control the flow of liquid feeding solutions administered 
through the digestive tract. These pumps utilize mechanisms such as a rotary peristaltic pump, linear peri-
staltic pump, or a volumetric pump. Most pumps record the dose rate, dose settings, and infused volume in 
stored memory. Audible and visual alarms alert the user to flow changes or malfunctions.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1 1
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 IDA 4 Plus Infusion Device Analyzer (or equivalent)
 20 cc syringe (or larger)
 3 way stopcock
 Tubing set for infusion pump
 Reservoir to connect to tubing set (bag or bottle)
 Tubing and connectors to connect to IDA 4 Plus

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety Criteria IEC 62353
      Ground wire resistance < 0.3 Ω

      Chassis leakage
< 100 µA NC
< 500 µA SFC

      Patient leakage current
< 100 µA B and BF
< 10 µA CF

      Patient lead leakage current: isolation test (mains on applied part)
< 100 µA BF
< 10 µA CF

      Insulation test (optional) 500 V < 2 MΩ
Preventive maintenance
      Clean flow detector
      Replace battery every 24 months
      Complete model-specific preventive maintenance

Enteral Feeding 
Pump Procedure Estimated time: 20 minutes
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Test Result
 

Pass Fail N/A

Performance testing
      Verify unit operates on battery
      Pole clamp function
      Flow rate accuracy ± 10 %
      Volume accuracy ± 10 %
      Occlusion detection pressure ± 1 psi
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Clean flow detector
Inspect the flow detector on the feeding pump. Clean any debris from the flow sensor.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection

Verify unit operates on battery
Ensure the ac power indicator is lit when the power cord is plugged into an 
outlet. Unplug the ac power cord and perform the remainder of the func-
tional test on battery power. The ac power indicator should go out when 
the power cord is unplugged and the battery indicator should light. Be sure 
to plug the power cord in at the conclusion of the test.

Pole clamp function
Check the physical condition of the pole clamp. The pole clamp should be 
securely fastened to the feeding pump. The clamp mechanism should move 
freely. The pole clamp should secure the feeding pump to the IV pole.

Flow rate accuracy
Fill the infusion reservoir with a one percent detergent solution in deion-
ized water. Prepare a one percent stock solution of detergent such as 
Cole-Parmer Micro-90 in volume using deionized water. The solution may 
be stored in a closed vessel for up to six months. This solution should then 
be diluted 10:1 with deionized water for daily use. If the water used causes 
too much foaming, a 20:1 dilution is recommended. Do not use tap water 
or solutions intended for patient use, as these may harm the transducers in 
the IDA 4 Plus. Figure 12-1.
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Connect the feeding tubing to the reservoir. Prime the set so there is no air in the tubing. With the tubing draining 
into a container or sink, open the flow control mechanism on the tubing set. Hold the reservoir high enough above 
the tubing to allow gravity to force the fluid through the tubing. Allow the fluid to flow until no air bubbles can be 
seen in the tubing. Insert the set into the feeding pump. Connect the three-way stopcock to the channel 1 port on 
the IDA 4 Plus. Connect the patient feeding tubing to one port of the stopcock. Fill the syringe with the detergent 
solution and connect this to the other port of the stopcock. Connect a piece of tubing to the drain port of channel 1 
and run the tubing into a container to catch the used solution.

From the main menu of the IDA 4 Plus, use the arrow keys to highlight SETUP under channel 1 and then press 
ENTER. Use the arrow keys to highlight FLOW and press ENTER. Select PRIME. Close the stopcock port connected to 
the feeding tubing, leaving the ports to the syringe and the IDA 4 Plus open. Inject the solution in the syringe into 
the IDA 4 Plus until START appears on the screen. Select AUTOSTART. The IDA 4 Plus will start the flow test when it 
detects flow from the pump. Close the port to the syringe, leaving the ports to the tubing and the IDA 4 Plus open.

Set the flow rate on the feeding pump to 60 mL/hr and set the dose to 10 mL, then start the feeding pump. At this 
rate and volume, the dose should be complete in approximately 10 minutes. When the pump alarms as complete, 
select END on the IDA 4 Plus to end the test. Clear the alarm on the pump. The measured flow rate should be within 
10 percent of the set rate. For a flow rate of 60 mL/hr, the flow rate should be between 54 mL/hr and 66 mL/hr. Set 
the flow rate on the pump to 120 mL/hr and the dose to 10 mL. Repeat the flow test at the higher flow rate.

The IDA 4 Plus is equipped with four channels to analyze up to four infusion devices simultaneously.
Volume accuracy
The IDA 4 Plus measures flow rate and volume simultaneously. Based on the setting for a dose of 10 ml,  the deliv-
ered volume should be within 10 percent of the set volume. For a set volume of 10 mL, the measured volume should 
be within 9 mL and 11 mL.

Occlusion detection pressure
From the channel set-up menu on the IDA 4 Plus, select OCCLUSION. Prime the IDA 4 Plus with the syringe if nec-
essary. Set the flow rate on the feeding pump to 100 mL/hr. Set the volume to at least 10 mL to ensure the volume 
will not be delivered before the test is complete. The IDA 4 Plus creates a downstream occlusion at the patient-end 
of the infusion/feeding set to simulate occlusion at the IV needle site. Start the pump. Select START on the IDA 4 
Plus. Select END on the IDA 4 Plus when the pump alarms occlusion. Note the pressure at which the pump alarms. 
Compare the measured pressure to the occlusion pressure of the pump. The occlusion pressure will be specific to the 
model. Check the service manual for the specific pressure.

The measured occlusion pressure should be within 1 psi of the pump’s occlusion pressure. For example, the mea-
sured pressure for an occlusion pressure of 20 psi should be between 19 psi and21 psi.

Alarm function
Ensure all alarms are functional and the volume is adequately loud. Verify appropriate visual indicators are func-
tioning. Set the rate on the pump to 100 mL/hr and the volume to 100 mL. Start the pump. Occlude the tubing 
between the reservoir and the pump. The tubing can be occluded either by closing a clamp attached to the tubing or 
by pinching the tubing with a set of hemostats or pliers. The pump should alarm to indicate upstream occlusion.

Clear the alarm and restart the pump. Occlude the tubing after the pump. The pump should alarm to indicate 
downstream occlusion. Clear the alarm. If the pump is equipped with an air detector introduce air into the tubing. 
This can be done by turning the reservoir upside down until a bubble of air is pulled through the tubing. Turn the 
reservoir right side up. When the air bubble gets to the pump, the pump should alarm to indicate air in the line. 
Clear the alarm. Remove the tubing from the pump and prime the set so that there is no air in the tubing. Reinsert 
the tubing set into the pump and restart the pump.

Simulate an empty container situation either by turning the reservoir upside down so that no fluid can get to the 
tubing, or by removing the tubing from the reservoir. The pump should alarm when no fluid flow is detected.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the performance 
inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume of the 

audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to ensure the bat-
tery remains charged.
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Infusion pump
Infusion pumps deliver a controlled flow of liquids to a patient through 
intravenous, epidural, or subcutaneous routes. These pumps may 
utilize a peristaltic pump mechanism, a volumetric pump mechanism 
that repeatedly compresses a specific amount of fluid into a cassette, 
or a syringe driven mechanism for propelling the infuscate. Adjust-
able settings control the flow rate and volume to be infused. Audible 
and visual alarms alert the user to flow changes or malfunctions. Most 
infusion pumps include a memory function that records dose settings 
and alarms.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 12

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1

Figure 12-2.
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 IDA 4 Plus Infusion Device Analyzer (or equivalent)
 20 cc syringe (or larger)
 3 way stopcock
 Tubing set for infusion pump
 Reservoir to connect to tubing set (bag or bottle)
 Tubing and connectors to connect to IDA 4 Plus

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety Criteria IEC 62353
      Ground wire resistance < 0.3 Ω

      Chassis leakage
< 100 µA NC
< 500 µA SFC

      Patient leakage current
< 100 µA B and BF
< 10 µA CF

      Patient lead leakage current: isolation test (mains on applied part)
< 100 µA BF
< 10 µA CF

      Insulation test (optional) 500 V < 2 MΩ

Infusion Pump 
Procedure Estimated time: 45 minutes
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Test Result
 

Pass Fail N/A

Preventive maintenance

      Clean flow detector
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Pole clamp function
      Flow rate accuracy ± 10 %
      Volume accuracy ± 10 %
      Infusion complete/KVO
      Occlusion detection pressure ± 1 psi
      Piggyback infusion
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance

Clean flow detector
Inspect the flow detector on the infusion pump. Clean any debris from the flow sensor.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection

Verify unit operates on battery
Ensure the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Pole clamp function
Check the physical condition of the pole clamp. The pole clamp should be securely fastened to the infusion 
pump. The clamp mechanism should move freely. The pole clamp should secure the infusion pump to the IV 
pole.
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Flow rate accuracy
Fill the infusion reservoir with a one percent detergent solution in deionized water. A one percent stock solu-
tion of detergent such as Cole-Parmer Micro-90 should be prepared in volume using deionized water; this 
may be stored in a closed vessel for up to six months. The solution should then be diluted 10:1 with deion-
ized water for daily use. If the water used causes too much foaming, a 20:1 dilution is recommended. Do not 
use tap water or solutions intended for patient use, as these may harm the transducers in the IDA 4 Plus.

Connect the infusion tubing to the reservoir. Prime the set so there is no air in the tubing. With the tubing 
draining into a container or sink, open the flow control mechanism on the tubing set. Hold the reservoir high 
enough above the tubing to allow gravity to force the fluid through the tubing. Allow fluid to flow until no 
air bubbles can be seen in the tubing. Insert the set into the infusion pump. Connect the three-way stopcock 
to the channel 1 port on the IDA 4 Plus. Connect the patient infusion tubing to one port of the stopcock. Fill 
the syringe with the detergent solution and connect this to the other port of the stopcock. Connect a piece of 
tubing to the drain port of channel 1 and run the tubing into a container to catch the used solution.

From the main menu of the IDA 4 Plus, use the arrow keys to highlight SETUP under channel 1 and then 
press ENTER. Use the arrow keys to highlight FLOW and press ENTER. Select PRIME. Close the stopcock port 
connected to the infusion tubing, leaving the ports to the syringe and the IDA 4 Plus open. Inject the solution 
in the syringe into the IDA 4 Plus until START appears on the screen. Select AUTOSTART. The IDA 4 Plus will 
start the flow test when it detects flow from the pump. Close the port to the syringe, leaving the ports to the 
tubing and the IDA 4 Plus open.

Set the flow rate on the infusion pump to 60 mL/hr and set the dose to 10 mL. Start the infusion pump. At 
the set rate and volume, the dose should be complete in approximately 10 minutes. When the pump alarm 
sounds and indicates complete, select END on the IDA 4 Plus to end the test measurement. Clear the alarm 
on the pump. The measured flow rate should be within 10 percent of the set rate. For example, the flow rate 
for a set flow rate of 60 mL/hr, should be between 54 mL/hr and 66 mL/hr. Set the flow rate on the pump to 
120 mL/hr and the dose to 10 mL. Repeat the flow test at the higher flow rate.

Figure 12-3.
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The IDA 4 Plus is equipped with four channels to analyze up to four infusion devices simultaneously.
Volume accuracy
The IDA 4 Plus measures flow rate and volume simultaneously. The delivered volume should be within 10 
percent of the set volume. For example, the measured volume for a set volume of 10 mL should be between 9 
mL and 11 mL.

Infusion complete/KVO
At the conclusion of the test, the infusion pump should alarm as infusion-complete or KVO. If the pump 
alarms KVO, it is supplying a very low flow rate in order to keep the vein open if another infusion needs to 
be given. Measure the KVO rate using the FLOW function on the IDA 4 Plus.

Set up the infusion pump with a high flow rate and low volume, such as 300 mL/hr and 2 mL. Start the 
pump and allow the infusion to complete. When the infusion is complete, do not stop the pump. Instead, 
silence the alarm and let the pump run. Enter the FLOW screen on the IDA 4 Plus to measure the KVO rate. It 
may take several minutes for the analyzer to measure the low rate. The measured rate should be within 10 
percent of the infusion pump’s KVO rate. For example, the measured rate for a KVO rate of 1 mL/hr should be 
between 0.9 mL/hr and 1.1 mL/hr.

Occlusion detection pressure
Select OCCLUSION from the channel set up menu on the IDA 4 Plus. Prime the IDA 4 Plus with the syringe if 
necessary. Set the flow rate on the infusion pump to 100 mL/hr. Set the volume to a minimum of 10 mL to 
ensure the volume will not be delivered before the test is complete. The IDA 4 Plus creates a down-stream 
occlusion at the patient-end of the IV tubing to simulate occlusion at the needle site. Start the pump. Select 
START on the IDA 4 Plus. Select END on the IDA 4 Plus when the pump alarms occlusion. Note the pressure at 
which the pump alarms. Compare the measured pressure to the occlusion pressure of the pump. The occlu-
sion pressure will be specific to the model. Check the service manual for the specific pressure.

The measured occlusion pressure should be within 1 psi of the pump occlusion pressure. For an occlusion 
pressure of 20 psi, the measured pressure should be between 19 psi and 21 psi.

Piggyback infusion
From the channel set up menu on the IDA 4 Plus, select DUAL FLOW. Prime the IDA 4 Plus with the syringe 
if necessary. Use the arrow keys to enter the flow rates and volumes to be tested. Enter 60 mL/hr for the 
secondary rate, 10 mL for the secondary volume, 120 mL/hr for the primary rate, and 10 mL for the primary 
volume. Select AUTOSTART to start the flow measurements when flow is first detected.

Figure 12-4.
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On the infusion pump, set the primary rate for 120 mL/hr and the primary volume to 10 mL. Set the pig-
gyback flow rate to 60 mL/hr and the piggyback volume to 10 mL. Start the piggyback infusion. The IDA 4 
Plus will display the rate and volume for the piggyback infusion as FLOW 1. When the piggyback infusion 
is complete, the infusion pump should automatically switch over to the primary infusion, and will usually 
sound an audible tone. The rate and volume for the primary infusion is displayed on the IDA 4 Plus as FLOW 
2. The delivered flow rates and volumes should be within 10 percent of their set rates.

Alarm function
Ensure all alarms are functional and that the volume is adequately loud. Verify appropriate visual indica-
tors are functioning. Set the rate on the pump to 100 mL/hr and set the volume to 100 mL. Then, start the 
pump. Occlude the tubing between the reservoir and the pump. The tubing can be occluded either by closing 
a clamp attached to the tubing or by pinching the tubing with a set of hemostats or pliers. The pump should 
alarm to indicate upstream occlusion. Clear the alarm and restart the pump. Occlude the tubing downstream 
from the pump. The pump should alarm to indicate downstream occlusion. Clear the alarm.

If the pump is equipped with an air detector, put air into the tubing. Turn the reservoir upside down until 
a bubble of air is pulled through the tubing. Turn the reservoir right side up. When the air bubble gets to the 
pump, the pump should alarm to indicate air in line. Clear the alarm. Remove the tubing from the pump and 
prime the set so there is no air in the tubing. Reinsert the tubing set into the pump and restart the pump. 
Simulate an empty-container situation by turning the reservoir upside down so no fluid can get to the tubing, 
or remove the tubing from the reservoir. The pump should alarm when no fluid flow is detected.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.
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Patient-controlled analgesic (PCA) pump
Patient controlled analgesic (PCA) pumps are infusion pumps that deliver an analgesic drug at the request 
of the patient. The tubing on these pumps is specifically designed for PCA infusion pumps, and is typically 
connected to an infusion catheter or other infusion device such as an implanted infusion port. PCA pumps 
can be programmed to deliver in one of three ways: as a continuous infusion, as a demand dose only, or as 
a continuous infusion with a demand dose. A demand dose is initiated when the patient presses a button. A 
predetermined amount of a drug is then delivered rapidly as a bolus. PCA pumps have a timing function that 
allows a lockout interval, to prevent an overdose of the analgesic.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 12

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 IDA 4 Plus Infusion Device Analyzer (or equivalent)
 PCA trigger interface
 Tubing set for PCA pump
 Reservoir to connect to tubing set (bag, bottle, or syringe)
 20 cc syringe (or larger)
 3 way stopcock
 Cable to connect PCA trigger interface to PCA pump
 Tubing and connectors to connect infusion set to IDA 4 Plus
 Tubing and connectors to connect to IDA 4 Plus

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety Criteria IEC 62353
      Ground wire resistance < 0.3 Ω
      Chassis leakage < 100 µA NC

< 500 µA SFC
      Patient leakage current < 100 µA B and BF

< 10 µA CF
      Patient lead leakage current: isolation test (mains on applied 

part)
< 100 µA BF
< 10 µA CF

      Insulation test (optional) 500V < 2 MΩ

PCA Pump 
Procedure Estimated time: 45 minutes
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Test Result
 

Pass Fail N/A
Preventive maintenance
      Clean flow detector
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Door lock
      Pole clamp function
      Load dose ± 10 %
      Flow rate accuracy ± 10 %
      Volume accuracy ± 10 %
      PCA Dose ± 10 %
      Lock-out interval ± 5 %
      Dose limit
      KVO Rate ± 10 %
      Occlusion detection pressure ± 1 psi
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Clean flow detector
Inspect the flow detector on the PCA pump. Clean any debris from the flow sensor.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Verify unit operates on battery
Ensure the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.
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Door lock
Inspect the door assembly. Ensure the door swings smoothly and locks with the key.

Pole clamp function
Check the physical condition of the pole clamp. The pole clamp should be securely fastened to the pump. 
The clamp mechanism should move freely. The pole clamp should secure the pump to the IV pole. Ensure the 
pole clamp cannot be released when the pump is locked.

Load dose
Fill the infusion reservoir with a one percent detergent solution in deionized water. A one percent stock solu-
tion of detergent such as Cole-Parmer Micro-90 should be prepared in volume using deionized water. This 
may be stored in a closed vessel for up to six months. The solution should then be diluted 10:1 with deion-
ized water for daily use. If the water causes too much foaming, a 20:1 dilution is recommended. Do not use 
tap water or solutions intended for patient use, as these may harm the transducers in the IDA 4 Plus.

Connect the infusion tubing to the reservoir. Prime the set so there is no air in the tubing. With the tubing 
draining into a container or sink, open the flow control mechanism on the tubing set. Hold the reservoir 
high enough above the tubing to allow gravity to force the fluid through the tubing. Allow the fluid to flow 
until there are no air bubbles in the tubing. Insert the set into the pump. Connect the three-way stopcock 
to the channel 1 port on the IDA 4 Plus. Connect the patient infusion tubing to one port of the stopcock. Fill 
the syringe with the detergent solution and connect the syringe to the other port of the stopcock. Connect a 
piece of tubing to the drain port of channel 1 and run the tubing into a container to catch the used solution.

Connect the PCA trigger interface box to the connector on the back of the IDA 4 Plus. Attach a cable from 
channel 1 of the trigger output to the patient dose cable port on the PCA pump. Multiple PCA pumps can be 
tested simultaneously by adding additional pumps to the other channels on the interface box.

From the status screen on the IDA 4 Plus, select UTIL to enter the utilities menu. Then, select TEST PARA-
MATERS. Use the arrow keys to adjust the PCA PRE TRIG TIME to 60 seconds. The PCA trigger interface will 
then lock out after 60 seconds and begin attempting to trigger the PCA dose.

Return to the main set-up screen and use the arrow keys to select SETUP under channel 1. On the set-up 
menu, select PCA. Use the arrow keys to enter the basal flow rate, total volume, bolus volume, lockout time, 
and loading dose to be tested. Enter a basal flow rate of 15 mL/hr. Enter a total volume of 20 mL. Enter a 
bolus volume of 1 mL. Enter a lockout time of five minutes and zero seconds. Enter a loading dose of 1 mL. 

Figure 12-5. IDA 4 Plus PCA Trigger/Remote Call Interface.
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After the test information is entered, the PCA test screen will appear. Use the arrow keys to highlight PRIME. 
Close the stopcock port connected to the infusion tubing, leaving the ports to the syringe and the IDA 4 
Plus open. Inject the solution in the syringe into the IDA 4 Plus until START appears on the screen. Select 
AUTOSTART. The IDA 4 Plus will start the flow test when it detects flow from the pump. Close the port to the 
syringe, leaving the ports to the tubing and the IDA 4 Plus open.

Set up the PCA pump as entered on the IDA 4 Plus. Set the continuous flow rate to 15 mL/hr, the bolus 
volume to 1 mL, the lockout time to five minutes, and the loading dose to 1 mL. If the PCA pump has a dose 
limit, set the limit to 2 mL. Start the pump. The loading dose will appear on the PCA test screen. Verify the 
actual bolus volume is within 10 percent of the set volume. For example, the measured volume of a dose of  
1 mL should be between 0.9 mL and 1.1 mL.

Flow rate accuracy
Continue to run the PCA pump as described above. The IDA 4 Plus will display the basal flow rate. Allow the 
pump to deliver at least 10 mL and then compare the measured flow rate to the set rate. The measured flow 
rate should be within 10 percent of the set rate. For a flow rate of 15 mL/hr, the measured flow rate should 
be between 13.5 mL/hr and 16.5 mL/hr.

Volume accuracy
Continue to run the PCA pump as described above. The IDA 4 Plus will display the total volume delivered. 
Allow the pump to deliver at least 10 mL and then compare the measured volume displayed on the analyzer 
to the volume displayed on the pump. The measured volume should be within  
10 percent of the pump volume. For a volume of 10 mL, the measured volume should be between 9 mL and 
11 mL.

PCA dose
Continue to run the PCA pump as described above. The IDA 4 Plus will display the delivered bolus volume. 
Allow the pump to deliver a bolus and then compare the measured volume displayed on the analyzer to the 
set volume. Verify the actual bolus volume is within 10 percent of the set volume. For a dose of 1 mL, the 
measure volume should be between 0.9 mL and 1.1 mL.

Figure 12-6. The IDA 4 Plus is 
equipped with four channels to 
analyze up to four infusion devices 
simultaneously.



©University of Vermont92   Chapter 12: Infusion Devices

Lock out interval
Continue to run the PCA pump as described above. The IDA 4 Plus PCA trigger interface will attempt to trig-
ger a PCA dose 60 seconds before the lock out time expires. Alternatively, during the lock-out time, attempt 
to manually trigger a dose from the PCA pump itself. The PCA pump should not respond to the trigger 
attempts during the lock-out period. Allow the PCA pump to deliver at least two doses. The interval time will 
be displayed on the IDA 4 Plus. The measured interval time should be within 5 percent of the set lock out 
interval. For a lock out interval of five minutes, the measured interval time should be between four minutes 
45 seconds and five minutes 15 seconds.

Dose limit
Continue to run the PCA pump as described above and allow it to deliver 20 mL. When the pump reaches the 
dose limit, the dose limit alarm should activate. The pump should no longer deliver the continuous rate, nor 
allow any boluses. The pump may continue to deliver a KVO rate.

KVO rate
When the PCA pump reaches its dose limit, it will go into a KVO rate to indicate a to very low flow rate, in 
which another infusion needs to be given. Measure the KVO rate using the FLOW function on the IDA 4 Plus. 
Allow the pump to reach its dose limit, but do not stop the pump. Instead, silence the alarm and let the pump 
run. Enter the FLOW screen on the IDA 4 Plus to measure the KVO rate. It may take several minutes for the 
analyzer to measure the low rate. The measured rate should be within 10 percent of the infusion pump KVO 
rate. (Check the service manual for the exact rate.) For a KVO rate of 1 mL/hr, the measured rate should be 
between 0.9 mL/hr and 1.1 mL/hr.

Occlusion detection pressure
From the channel set up menu on the IDA 4 Plus, select OCCLUSION. Prime the IDA 4 Plus with the syringe 
if necessary. Set the flow rate on the PCA pump to 15 mL/hr and start the pump. The IDA 4 Plus creates a 
downstream occlusion at the patient-end of the IV set tubing to simulate occlusion at the needle site. Select 
START on the IDA 4 Plus. Select END on the IDA 4 Plus when the pump alarms to indicate occlusion. Note the 
pressure at which the pump alarms. Compare the measured pressure to the occlusion pressure of the pump. 
The occlusion pressure will be specific to the model. (Check the service manual for the specific pressure.) 
The measured occlusion pressure should be within 1 psi of the pump’s occlusion pressure. For an occlusion 
pressure of 20 psi, the measured pressure should be between 19 psi and 21 psi.

Alarm function
Ensure all alarms are functional and that the volume is adequately loud. Verify appropriate visual indicators 
are functioning. Set the continuous rate on the pump to 15 mL/hr and start the pump. Occlude the tubing 
between the reservoir and the pump. The tubing can be occluded by closing a clamp attached to the tubing 
or by pinching the tubing with a set of hemostats or pliers. The pump should alarm to indicate upstream 
occlusion. Clear the alarm and restart the pump. Occlude the tubing after the pump. The pump should alarm 
to indicate downstream occlusion. Clear the alarm.

If the pump is equipped with an air detector, put air into the tubing. This can be done by turning the res-
ervoir upside down until a bubble of air is pulled through the tubing. Turn the reservoir right side up. When 
the air bubble gets to the pump, the pump should alarm to indicate air in line. Clear the alarm. Remove the 
tubing from the pump and prime the set so that there is no air in the tubing. Reinsert the tubing set into the 
pump and restart the pump.

Simulate an empty container situation by turning the reservoir upside down so that no fluid can flow to the 
tubing, or, by removing the tubing from the reservoir. The pump should alarm when no fluid flow is detected.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.
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Chapter 13:
Neonatal Devices

Fetal Monitor
Fetal monitors measure fetal heart rate and maternal uterine contractions during labor to assess the progress 
of labor and monitor the health of the mother and fetus. Fetal monitors may use non-invasive or invasive 
methods. In non-invasive monitoring, measurements are recorded from transducers placed on the mother’s 
abdomen. An ultrasound transducer is used to measure the fetal heart rate. Uterine contractions are mea-
sured using a tocodynamometer transducer. In invasive monitoring, electrodes are placed on the scalp or 
other exposed skin of the fetus to measure the fetal heart rate. Intrauterine pressure is measured directly 
through a pressure transducer located on a catheter that is inserted into the uterus. Fetal monitors may have 
additional monitoring capabilities, such as maternal heart rate and blood pressure.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3 3
Device is used to deliver direct treatment to the patient 4  
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP* testing 
frequently detects problems 3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1

*Technical Services Program
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 PS320 Fetal Simulator (or equivalent)
 MFH-1 Mechanical Fetal Heart (or equivalent)
  Cables to connect fetal monitor to analyzer (see chart below)
 Stopwatch or clock with second hand
 Ultrasound gel

Fetal Monitor 
Procedure Estimated time: 20 minutes

Ultrasound Intra-Uterine Pressure Toco
Corometrics
     

Model # 17483 Corometrics 118 
Ultrasound Simulation cable, round, 
12 pin, male, gray

Model # 17481 Corometrics 118 
IUP Simulation cable,round, 12 pin, 
male, white

Model # 17486 Corometrics 118 
Toco Simulation cable, round, 12 pin, 
male, white

HP Agilent/Philips  
50 Series
 

   

Model # 17482 HP/Ag/Philips (50 
series) Ultrasound Simulation cable, 
round, 12 pin, male, pink

Model # 17487 HP/Ag/Philips (50 & 
8040 series) IUP Simulation cable, 
round, 12 pin, male, brown

Model # 17484 HP/Ag/Philips (50 
series) Toco Simulation cable, round, 
12 pin, male, brown

HP/Philips 8040 Series
     

Model # 17488 HP/Ag/Philips (8040 
series) Ultrasound Simulation cable, 
round, 12 pin, male, light violet

Model # 17487 HP/Ag/Philips (50 & 
8040 series) IUP Simulation cable, 
round, 12 pin, male, brown

Model # 17489 HP/Ag/Philips (8040 
series) Toco Simulation cable, round, 
12 pin, male, tan

 Oxford
     

Model # 17490 Oxford 1.5 MHz 
Ultrasound Simulation cable, round, 
12 pin, male, yellow

Model # 17492 Oxford IUP 
Simulation cable, round, 12 pin, 
male, pink

Model # 17491 Oxford 2.0 MHz 
Ultrasound Simulation cable, round, 
12 pin, male, blue



©University of Vermont Chapter 13: Neonatal Devices   95

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current - isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V dc applied < 2 MΩ
Preventive maintenance
      Replace battery every 24 months
      Clean rollers and paper guides
      Lubricate motor and paper drive mechanism
      Verify proper time and date, correct if necessary
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Fetal heart rate accuracy ± 5 %
      Maternal heart rate accuracy ± 5 %
      Intrauterine pressure accuracy ± 2 %
      Recorder speed (3 cm/min) ± 4 %
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Replace battery
The battery should be replaced every 24 months. Replace if necessary.
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Clean rollers and paper guides
Inspect the rollers and paper guides and remove any debris. Check for bits of torn paper caught in the rollers.

Lubricate motor and paper drive mechanism
Follow the manufacturer’s instructions in the service manual for lubricating the motor and paper drive 
mechanism. Not all motors will need to be lubricated.

Verify proper time and date
Verify the time and date displayed on the monitor is correct. If the time and date is not displayed on the 
monitor, print a strip from the recorder. The time and date should appear on the printed strip. Correct the 
time and date as necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.
 
Performance inspection

Verify unit operates on battery
Verify the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Fetal heart rate accuracy
If the fetal monitor uses fetal scalp electrodes, connect the ECG cable to the connectors on the side of the 
PS320. Use the fetal up and down buttons to set a fetal heart rate of 120 bpm. The displayed heart rate 
should be within 5 percent of the set rate. For example, the displayed rate for a simulated heart rate of 
120 bpm should be between 114 bps and 126 bps.

Connect the ultrasound cable from the ultrasound connector on the fetal monitor to the US1 port of the 
PS320. If the fetal monitor is equipped with two ultrasound inputs, connect a second ultrasound cable to the 
US2 port of the analyzer. Again, the displayed heart rate should be within 5 percent of the set rate.

To test the operation of the ultrasound transducers, connect the MFH-1 Fetal Heart Simulator to the US1 
port of the PS320 analyzer. The analyzer will need to be used with the battery eliminator since the MFH-1 
cannot run on battery power. Connect an ultrasound transducer to the fetal monitor. Place the transducer 
face up on a flat surface and coat with ultrasound gel. Place the MFH-1 on top of the transducer with the 
simulation window facing the transducer. The fetal heart rate will be displayed on the monitor and should 
be within 5 percent of the set rate. For a simulated heart rate of 120 bpm, the displayed rate should be 
between 114 bpm and 126 bpm. Repeat this process for each ultrasound transducer, then remove the MFH-1 
from the PS320. 

Figure 13-1. MFH-1 Mechanical Fetal Heart connected to 
US 1 output on PS320.
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Maternal heart rate accuracy
Connect the ECG cable to the connectors on the side of the PS320. Use the maternal up and down buttons to 
set a maternal heart rate of 60 bpm. The displayed heart rate should be within 5 percent of the set rate. For a 
simulated heart rate of 60 bpm, the displayed rate should be between 57 bpm and 63 bpm.

Intrauterine pressure accuracy
Connect the TOCO cable from the TOCO connector on the fetal monitor to the TOCO port of the PS320. Use the 
TOCO button to scroll through the available settings. The displayed intrauterine pressure should be within 2 
percent of the set pressure. For a simulated pressure of 50 mmHg, the displayed pressure should be between 
49 mmHg and 51 mmHg.

Recorder speed
Record a strip on the fetal monitor. Use the mark function on the recorder to place a mark on the paper. Use a 
stopwatch or clock to time approximately 150 seconds, or two and a half minutes. Place another mark on the 
paper. Measure the distance between the marks. With a recorder speed of 3 cm/min, the marks should be 
between 72 mm and 78 mm.

Verify operation of alarms
Verify all alarms are functional and the volume is adequately loud. Ensure appropriate visual indicators are 
functioning. Note the alarm settings on the monitor. Adjust the fetal heart rate on the PS320 down to just 
below the monitor’s low heart rate limit. The alarm should sound. Increase the fetal heart rate above the low 
alarm point. Clear the alarm if necessary. Increase the fetal heart rate to just above the high heart rate limit. 
Ensure the alarm sounds when the heart rate increases beyond the high alarm limit. Set the fetal heart rate 
back to 120 bpm and clear any alarms. Repeat the process for the maternal heart rate alarm.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any alarms that were adjusted to their original settings. Ensure the volume of 
the audible alarms is loud enough to be heard in normal operating conditions. Clean ultrasound gel from the 
transducers. Plug in the power cord to ensure the battery remains charged.

Figure 13-2. MFH-1 Fetal Heart Simulator connected 
to US1 port of PS320 Fetal Simulator.
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Infant incubator
Infant incubators provide a closed controlled environment to maintain appropriate temperature, humidity, 
and oxygen levels for infants. They are used primarily for premature infants and other newborns that cannot 
regulate body temperature by themselves. Infant incubators typically consist of a clear removable plastic 
hood with a mattress, a heater, a fan to circulate warm air, and temperature controls. Temperature sen-
sors may measure both air temperature inside the incubator and the infant’s body temperature using a skin 
probe. Most incubators also include humidity and oxygen level controls.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 12

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1



©University of Vermont Chapter 13: Neonatal Devices   99

Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 INCU incubator analyzer (or equivalent) 
 Stopwatch or watch with a second hand 
 Heat gun

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current – isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V dc applied < 2 MΩ

Infant Incubator 
Procedure Estimated time: 120 minutes
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Test Result
 

Pass Fail N/A
Preventive maintenance
      Clean cooling vents and filters
      Inspect and clean ducts, heater, and fans
      Inspect gaskets for signs of deterioration
      Inspect port closures and port sleeves
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing

      Verify unit operates on battery

      Fan operation

      Warm-up time ± 20 %

      Air temperature accuracy ± 1 ºC

      Skin temperature accuracy ± 0.3 ºC

      Temperature overshoot ± 2 ºC

      Relative humidity ± 10 %

      Air flow ≤ 0.35 m/s

      Air temperature alarms

      Skin temperature alarms

      High temperature protection ≤ 40 ºC

     

Noise level

≤ 60 dB normal 
conditions

      ≤ 80 dB alarm activated

      ≥ 80 dB alarm activated, 
3 m from incubator

      Alarm function

      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Clean cooling vents and filters
Inspect vents and air filters. Use a portable vacuum to clean dust from air ducts. Clean or replace filters as 
necessary and ensure they are installed properly.

Inspect gaskets for signs of deterioration
Check rubber or plastic gaskets and seals for signs of deterioration. Replace as necessary.
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Inspect port closures and port sleeves
Inspect port doors and iris seals for proper closure. Inspect the port gloves for holes or other signs of wear.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Verify unit operates on battery
Verify the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test. 

Fan operation
Inspect the fan blades for damage. Look for chips, warping, melting, and missing blades. Ensure there is 
adequate clearance around the fan assembly. Look for signs of rubbing around the fan housing. Lubricate the 
fan motor per the manufacturer’s specification. Follow the manufacturer’s instructions in the service manual 
for lubricating the pump motor. Not all motors will need to be lubricated.

Warm-up time
With the incubator at room temperature, set the incubator temperature for 12 ºC above ambient tempera-
ture (about 36 ºC). Use a stopwatch to time how long it takes for the temperature to stabilize. The measured 
warm-up time should be within 20 percent of the manufacturer’s specified warm-up time. For a warm-up 
time of 30 minutes, the measured warm up time should be within 24 minutes and 36 minutes.
Note: to ensure rise-time data is collected during the warm-up period, perform the warm-up time test while the INCU is inside the 
chamber and measure the infant incubator temperature rise-time and equilibration. 

Figure 13-3. 
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Air temperature accuracy
Connect the INCU to a computer using the RS-232 cable included with the INCU. Use the INCU software to 
configure the INCU for infant incubator testing, including entering the infant incubator serial number, make, 
model and hospital control/asset tag number. Disconnect the INCU from the computer. INCU will collect four 
temperatures (three convection and one contact temperature), relative humidity, air flow, and sound pressure 
level on a singe common time-base. Set the incubator temperature to 32 °C. 

Place the INCU in the center of the incubator. Place the T1 and T3 temperature probes so they are verti-
cally in opposite corners. Place the T2 probe in the center holder. Attach the air flow sensor and rotate the 
sensor so it is perpendicular to the air flow within the incubator. If the incubator is equipped with a skin 
temperature probe, place the skin probe in close proximity to the T2 sensor. Allow the incubator temperature 
to stabilize. 

Press the SELECT button on the INCU to cycle through the readings. The measured air temperature should 
be within 1 ºC of the set temperature. For a set temperature of 32 ºC the measured temperature should be 
between 31 ºC and 33 ºC.

Press the EVENT marker on the front panel of the INCU and make note of the time that the 32 ºC air 
temperature accuracy test was completed. Set the temperature on the incubator to 36 ºC and allow the tem-
perature to stabilize. Repeat the temperature measurements at 36 ºC. Press the EVENT marker on the front 
panel of the INCU and make note of the time that the 36 ºC air temperature accuracy test was completed.

Skin temperature accuracy
Place the skin temperature probe near the T2 sensor on the INCU. Allow the incubator temperature to stabi-
lize. The measured temperature on the T2 sensor should be within 0.3 ºC of the displayed skin temperature 
on the incubator. For a displayed skin temperature of 36.0 ºC, the measured temperature should be between 
35.7 ºC and 36.3 ºC.

Temperature overshoot
Increase the incubator temperature to from 32 ºC to 36 ºC. Allow the temperature to stabilize. During tem-
perature stabilization period, the temperature in the incubator should not overshoot the set temperature by 
more than 2 ºC. For a set temperature of 36 ºC, the incubator temperature should not exceed 38 ºC during 
temperature stabilization. This will be obvious on the graphs created using the INCU software after all the 
data collection is completed.

C

A

B

Figure 13-4.
A. Airflow sensor
B. Outside temperature probe holder
C. Radiant baby assembly
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Relative humidity
If the incubator is equipped with a display for relative humidity, note the relative humidity measured on the 
INCU. The measured relative humidity should be within 10 percent of the displayed relative humidity. For a 
displayed relative humidity of 50 percent, the measured relative humidity should be between 45 percent and 
55 percent.

Air flow
With the INCU placed in the center of the incubator, rotate the air flow sensor so that it is perpendicular 
with the airflow in the incubator. Note the air velocity measurement on the INCU. The air velocity should not 
exceed 0.35 m/s.

Air temperature alarms
Set the incubator temperature to 36 ºC and allow the temperature to stabilize. Open the incubator hood to 
room air. Verify the low temperature alarm sounds. Close the incubator and allow the temperature to sta-
bilize at 36 ºC. Use a heat gun to increase the air temperature. Note the temperature at which the alarm 
sounds.

Skin temperature alarms
Adjust the skin temperature on the incubator to 36 ºC. Place the sensor in the incubator and allow the tem-
perature to stabilize. Remove the skin temperature sensor from the incubator and verify the low temperature 
alarm sounds. Place the skin temperature sensor in a cup of warm water. Ensure the water is warm enough 
to activate the high temperature alarm.

High temperature protection
Set the incubator temperature to its maximum setting and allow the temperature to stabilize. Use a heat gun 
to blow hot air into the incubator to raise the temperature above the maximum setting. Note the temperature 
at which the high temperature alarm activates.

***CAUTION***

DO NOT USE THE AIR FLOW SENSOR IN THE PRESENCE OF OXYGEN. 
THE SENSOR USES A HOT-WIRE TECHNIQUE FOR AIR VELOCITY 

MEASUREMENT AND MAY BECOME A SOURCE OF IGNITION.

Figure 13-5. 
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Noise level
With the incubator running and the INCU placed in the center of the incubator, measure the sound level 
inside the incubator. Press the SELECT button on the INCU to cycle through the measurements until the 
sound level is displayed. All ports and doors should be closed for this measurement. The sound level within 
the incubator should not exceed 60 dB. The most common cause of high sound levels in the incubator is a 
noisy fan assembly. Activate an alarm. The sound level in the incubator with the alarm sounding should not 
exceed 80 dB. Press the EVENT marker on the front panel of the INCU to identify when the internal noise 
level test was completed.

Remove the INCU from the incubator and place it approximately 3 m from the front of the incubator. Acti-
vate an alarm on the incubator and measure the sound level with the INCU. The alarm should be at least 80 
dB at this distance.

Alarm function
Ensure all alarms are functional and the volume is adequately loud. Ensure that appropriate visual indica-
tors are functioning. Unplug the temperature probe from the incubator. The disconnected probe alarm should 
activate. If the incubator is equipped with alarms for an open or short circuited temperature probe, use open 
and short circuited probe plugs to test these alarms. Disconnect the skin temperature probe and connect the 
probe plugs. The appropriate alarms should activate. Unplug the incubator to simulate a power failure. The 
power failure alarm should activate.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Remove the INCU from the incubator and re-connect it to the computer using the RS232 cable shipped 
with the INCU. Using the INCU software, retrieve the data collected by the INCU and display and print both 
the graphs and the numeric data. Analyze the data for presence of temperature overshoot and accuracy of 
parameters. Include this information with the form used in this inspection.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.

Figure 13-6. 
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Phototherapy unit
Phototherapy units irradiate patients with light. Most commonly, these devices are used to treat hyperbili-
rubinemia and jaundice in newborns. Phototherapy units for this purpose are sometimes referred to as bili 
lights. Blue light, typically with a wavelength between 420 nm and 480 nm, is used.

This relatively common therapy lowers the serum bilirubin level by transforming bilirubin into water-solu-
ble isomers that can be eliminated without conjugation in the liver. The dose of phototherapy is a key factor 
in how quickly it works. In turn, dose is determined by the wavelength of the light, the intensity of the light 
(irradiance), the distance between the light and the baby, and the body surface area exposed to the light. 
Commercially available phototherapy systems include those that deliver light via fluorescent bulbs, halogen 
quartz lamps, light-emitting diodes, and fiberoptic mattresses. Proper nursing care enhances the effective-
ness of phototherapy and minimizes complications. Caregiver responsibilities include ensuring effective 
irradiance delivery, maximizing skin exposure, providing eye protection and eye care, careful attention to 
thermoregulation, maintaining adequate hydration, promoting elimination, and supporting parent-infant 
interaction.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2  
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3 3

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 12

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 DALE40 Phototherapy Radiometer (or equivalent) 
 Stopwatch or watch with a second hand

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current - isolation test (mains 
on patient applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V dc applied < 2 MΩ

Phototherapy Unit 
Procedure Estimated time: 20 minutes



©University of Vermont Chapter 13: Neonatal Devices   107

Test Result
 

Pass Fail N/A
Preventive maintenance
      Inspect bulbs
      Complete model-specific preventive maintenance
Performance testing
      Timer accuracy ± 5 %
     

Output accuracy

 ≥ 4.5 µW/cm2/nm
      (≥ 198 µW/cm2 @ 44 nm bandwidth)
      ≤ 40 µW/cm2/nm
      (≤ 1760 µW/cm2 @ 44 nm bandwidth)
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Inspect bulbs
Inspect the phototherapy unit for broken or burned out bulbs. Replace as necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Figure 13-8. DALE40 Phototherapy Radiometer.Figure 13-7. Infant receiving phototherapy.



©University of Vermont108   Chapter 13: Neonatal Devices

Performance inspection
Timer accuracy
Set the timer for two minutes. Initiate phototherapy treatment and begin timing with a stopwatch or a watch 
with a second hand. The treatment timer should sound within 5 percent of the measured time. For a set time 
of 120 seconds, the actual measured time should be between 114 seconds and 126 seconds. Verify treatment 
stops when the timer stops.

Output accuracy
Initiate phototherapy treatment. Position the photodetector probe so it is facing the light and about 18 inches 
(45.7 cm) from the light source. The irradiance will be displayed on the DALE40. The measured irradiance 
should be between 198 µW/cm2 and 1760 µW/cm2. Refer to the phototherapy unit’s service manual for the 
unit’s output range.

Alarm function
Verify all alarms are functional and the volume is 
adequately loud. Ensure appropriate visual indicators 
are functioning.

Complete model-specific performance testing
Refer to the service manual for performance inspection 
tasks specific to the device. Complete the performance 
inspection per manufacturer’s procedure. 

Return to service
Before returning to use, return any settings that were 
adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in 
normal operating conditions.

Units of measure

There are two commonly-used units of measurement in phototherapy radiometry for irradiation 
(flux density across a spectral bandwidth):
• Microwatts per square centimeter (µW/cm2)
• Microwatts per square centimeter per nanometer (µW/cm2/nm)

The DALE40 Phototherapy Radiometer reads power in µW/cm2. This unit of measurement was 
selected because it represents the spectral power perceived by the photodetector. Conversion 
from one unit to another can be accomplished using the following formulas:

µW/cm2/nm = µW/cm2/bandwidth(nm)

e.g.
 4 µW/cm2/nm = 4 x 44 = 176 µW/cm2

 480 µW/cm2 = 480/44 = 10.9 µW/cm2/nm

DOSAGE (irradiance-hrs) = irradiance (µW/cm2/nm) x Time (hrs)
For example, if an irradiance of 320 µW/cm2 is given to a newborn baby for three hours, the 

baby receives a dosage of 4 x 3 = 12 irradiance-hrs. 

Figure 13-9. Phototherapy unit in use on a neonatal patient.
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Radiant warmer
Radiant warmers provide thermal stability to infants. They are used to provide thermal support to newborns, 
critically ill infants and infants undergoing long procedures in a cool environment. Unlike incubators, radiant 
warmers are not enclosed, allowing direct access to the infant. These devices typically consist of an over-
head heater and a temperature probe. 

Typically, the radiant warmer is set to a temperature and a temperature probe is attached to the infant’s 
skin. The heater will turn on when the infant’s skin temperature reaches below the set temperature. When 
the skin temperature reaches the set temperature, the heater turns off.

Recommended functional test frequency: Semi-annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2  
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3 3

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 14

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 2
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 INCU incubator analyzer (or equivalent)

Test Result
 

Pass Fail N/A

Physical condition

      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean

Electrical safety

      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current - isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V dc applied < 2 MΩ

Radiant Warmer 
Procedure Estimated time: 35 minutes
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Test Result
 

Pass Fail N/A

Preventive maintenance
      Clean vents and filters
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Fan operation
      Temperature accuracy ± 0.3 ºC

      Temperature alarms

      Alarm function

      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Clean vents and filters
Inspect vents and air filters. Clean or replace filters as necessary. Ensure filters are installed properly.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.
 
Performance inspection
Verify unit operates on battery
Confirm the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power 
cord and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Fan operation
Inspect the fan blades for damage. Look for chips, warping, melting, and missing blades. Ensure there is 
adequate clearance around the fan assembly. Look for signs of rubbing around the fan housing. Lubricate the 
fan motor per the manufacturer’s specification. Follow the manufacturer’s instructions in the service manual 
for lubricating the pump motor. Not all motors will need to be lubricated.

Before performing tests with the INCU, connect it to a computer on which the INCU software has been 
installed. Connect the INCU using the RS-232 cable shipped with the INCU. Configure the INCU using the 
INCU software, and fill in the DUT information for the radiant warmer to be tested.
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Temperature accuracy
Set the warmer temperature to 34 ºC. Place the INCU in the center of the incubator. Place the T1 and T3 tem-
perature probes so they are placed vertically in opposite corners. Clip the T2 probe to the underside of the 
radiant baby adapter. Place the radiant baby adapter on top of the INCU and align it with the heater in the 
warmer. Place the skin temperature probe from the warmer in close proximity to the T2 sensor. Allow the tem-
perature to stabilize. Press the SELECT button on the INCU to cycle through the readings. Allow the incubator 
temperature to stabilize. The measured temperature on the T2 sensor should be within 0.3 ºC of the displayed 
skin temperature on the incubator. For a displayed skin temperature of 34 ºC, the measured temperature should 
be between 33.7 ºC and 34.3 ºC. Repeat the temperature measurements at 36 ºC and 38 ºC.

Temperature alarms
Adjust the temperature set point on the warmer to its maximum setting. Place the sensor in the warmer and 
allow the temperature to stabilize. Remove the skin temperature sensor from the warmer and allow it to cool. 
Verify the low temperature alarm activates. Place the skin temperature sensor back in the warmer and allow 
the temperature to stabilize. Hold the sensor close to the heater. Verify the high temperature alarm activates.

Alarm function
Ensure all alarms are functional and the volume is adequately loud. Verify appropriate visual indicators are 
functioning. Unplug the temperature probe from the warmer. The disconnected probe alarm should activate. 
If the warmer is equipped with alarms for an open or short circuited temperature probe, use open and short 
circuited probe plugs to test these alarms. Disconnect the skin temperature probe and connect the probe 
plugs. The appropriate alarms should activate. Unplug the incubator to simulate a power failure. The power 
failure alarm should activate.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Remove the INCU from the warmer and re-connect it to the computer with INCU software installed. 
Retrieve the data and print both graphs and numeric. Analyze this data per the accuracy specified. Attach 
these print-outs to the inspection form.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.

Figure 13-10. Radiant warmer 
in use on a neonatal patient.
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Cardiac output unit
A cardiac output unit measures the volume of blood pumped by the heart during a period of time, typically 
measured in liters per minute (L/min). Cardiac output is an indicator of overall cardiac status and tissue per-
fusion. Blood flow from the heart is measured using the thermal dilution technique in which a cold solution 
is injected upstream of the heart and the temperature differential is monitored on the downstream side. A 
balloon catheter is inserted through an artery (femoral, brachial, etc.) and threaded into the left atrium of the 
heart. The temperature of the surrounding blood is measured through a thermistor located near the tip of the 
catheter. Once the catheter is inserted, ice water or room temperature water is injected through the catheter 
and emerges from a small hole approximately 12 inches before the end of the catheter. The cardiac output 
unit processes the signal from the thermistor and displays a thermal dilution curve from which cardiac 
output and other hemodynamic parameters such as stroke volume can be derived.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3 3
Device is used to deliver direct treatment to the patient 4  
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury or death to patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems 3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1

Chapter 14:
Patient Monitors
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Cardiac Output 
Monitor Procedure Estimated time: 15 minutes

Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 ProSim 8 Vital Signs Simulator or equivalent
 Cardiac output adapter box
 Cables to connect to cardiac output monitor

Test Result
 

Pass Fail N/A

Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current – isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V < 2 Ω
Performance testing
      Verify accuracy of blood temperature
      Verify cardiac output accuracy
      Complete model-specific performance testing
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Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Performance inspection
Verify accuracy of blood temperature
Adjust the settings on the cardiac output monitor to the following specifications. Set the catheter type/size 
to Baxter Edwards, 93a-131-7f. Set the calibration coefficient to 0.595. Set the injectate volume to 10 cc and 
temperature to 24 °C. Connect the cardiac output box to the CARDIAC OUTPUT port on the top of the ProSim 
8. Connect the blood temperature thermistor cable from the cardiac output monitor to the small 4-pin con-
nector on the cardiac output adapter. Connect the injectate temperature from the cardiac output monitor to 
the large 4-pin connector on the cardiac output box located just above the resistance trimpot. 

Turn on the ProSim 8. Press the SPECIAL FUNCTIONS button and use the Navigation arrow UP/DOWN 
buttons to highlight CARDIAC OUTPUT in the special functions menu. Press the ENTER button to enter the 
cardiac output menu. The blood temperature displayed on the cardiac output monitor should read 37 °C  
± 0.2 °C.

Figure 14-1.
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Verify cardiac output accuracy
With the cardiac output monitor and ProSim 8 set up as shown in the image above, use the navigation 
UP/DOWN arrow buttons to highlight the INJECTATE TEMPERATURE parameter. Press the ENTER button to 
display the injectate temperature selections available. Use the navigation UP/DOWN arrow buttons to high-
light the 24 °C option. Press the ENTER button to set the injectate temperature to 24 °C. Turn the trimpot on 
the cardiac output box until the injectate temperature on the cardiac monitor reads 24 °C.

The simulated flow rate WAVE parameter on the ProSim 8 can be set to 2.5 L/min, 5.0 L/min and 10.0 L/
min by using the navigation UP/DOWN arrow buttons to highlight one of the available selections. Press the 
ENTER button to set the wave to 2.5 l/min. The cardiac output should be checked at each of these settings. 

Initiate a cardiac output measurement on the monitor. Press the F1 (START) soft key on the ProSim 8 to 
start the simulation. If you need to end the simulation before the cardiac output calculation is complete, press 
the F5 (STOP) soft key. Repeat this measurement for the 5.0 L/min and 10.0 L/min rates.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return the cardiac output monitor to its original settings.
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Central station
Central stations are monitors designed to be positioned in a central location, usually a nurse’s station, and 
consolidate information from individual bedside and telemetry monitors for remote monitoring of patients 
in one or more areas of a hospital. The central station usually displays an ECG waveform for each patient 
being monitored. Central stations typically consist of one or more displays, a central computer, audible alarm 
speakers, and a recorder to print ECG strips. They do not replace bedside monitors. Bedside monitors are 
connected to the central station computer through the hospital’s network. If telemetry transmitters are used 
for remote monitoring, an antenna system and receivers will be necessary for receiving the radio signal. 

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3 3
Device is used to deliver direct treatment to the patient 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury or death to patient or user 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 ProSim 8 Vital Signs Simulator or equivalent*
 Vacuum or canned air for cleaning dust from cooling fans

Test Result
 

Pass Fail N/A

Physical condition

      Device is clean and decontaminated

      No physical damage to case, display, mounts, cart, or components

      Switches and controls operable and correctly aligned

      Display intensity adequate for daytime use

      Control numbers, labeling, and warnings present and legible

      Inlets and hoses

      Power cord, accessory cables, charger

      Filters and vents clean

Electrical safety

      Ground wire resistance < 0.3 Ω

      Chassis leakage
< 100 µA NC 
< 500 A SFC

      Patient leakage current
< 100 µA B and BF 
< 10 µA CF

     
Patient lead leakage current – isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V < 2 Ω

Central Station Monitoring 
System Procedure Estimated time: 15 minutes

*Using single-function simulators or those without built-in automation may significantly 
increase estimated test time referenced above.
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Test Result
 

Pass Fail N/A

Preventive maintenance

      Clean dust from cooling fans

      Complete model-specific preventive maintenance

Performance testing

      Verify display is clear and legible

      Verify monitoring capabilities of hardwired monitors

      Verify monitoring capabilities of telemetry monitors

      Verify recorder accuracy ± 4 %

      Verify operation of alarms

      Complete model-specific performance testing

Physical condition
Check the physical condition of the device as described in the General Equipment procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. The central station may not be 
removable from power and will therefore need to be tested as permanently-installed (IEC Class 2) medical 
equipment. 

Preventive maintenance
Clean dust from cooling fans
Central station monitoring computers are often situated under desks. As the cooling fans accumulate dust 
and debris, they can become clogged and cause the computer system to overheat. Use a small vacuum or 
canned air to remove dust from the fans and vents. A vacuum is preferred over compressed air, as it will not 
blow dust around the patient-care area. 

Figure 14-4. ProSim 8 connected for 
performance testing of a monitor.
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Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Verify display is clear and legible
The monitor should be clear and bright enough to read. Look for distortion around the edges of the screen. 

Verify monitoring capabilities of hard-wired monitors
Connect the ProSim 8 to a monitor within the central station network per the instructions in the Patient 
Monitor procedure. At a minimum, simulate a heart rate and respiration. (ProSim 8 will send whatever 
patient parameters that have been connected to the patient monitor, and is capable of ECG, NIBP, SpO2 and 
temperature, as well as IBP channel 1 and IBP channel 2.) Attach the ECG lead wires to the lead connectors 
and the cables and hoses for any other parameters to their appropriate connection points on the ProSim 8. 
The ProSim 8 will default to a normal sinus rhythm of 60 bpm.

Admit a (simulated) test patient into a bed connected to the central station. Verify the central station dis-
plays the ECG wave, heart rate and other monitored parameters. Discharge the test patient.

Verify monitoring capabilities of telemetry transmitters
Connect the ECG leads of the telemetry transmitter to the lead connections on the ProSim 8. The heart rate 
will default to 60 bpm. If the telemetry has SpO2 capabilities, connect the finger probe to the SPOT finger (as 
shown on the following page) and select the type as described in the Pulse Oximeter Procedure.

Figure 14-5. ECG Lead connection 
posts on ProSim 8.
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Ensure a battery is installed in the telemetry transmitter. Admit a test patient on this telemetry channel. 
Verify the central station displays the ECG rhythm and heart rate, and if SpO2 values are sent, verify these 
values are properly displayed on both the telemetry unit (if it has a display) and on the Central Station. Note 
the additional parameters may need to be enabled in order to see them at the Central Station. Discharge the 
test patient when finished. The process will need to be repeated for each telemetry transmitter.

Verify recorder accuracy
With a test patient admitted to the central station and the ECG leads connected to the ProSim 8 as above, 
observe the heart rate of 60 BPM is sent. Initiate strip record on the central station. Measure the distance 
between the peaks of the QRS complex. With a recorder speed of 25 mm/sec, the QRS peaks should be 
between 24 mm and 26 mm apart.

Verify operation of alarms
Ensure all alarms are functional and the volume is adequately loud. Verify appropriate visual indicators are 
functioning. Note the alarm settings on the central station. Press F3 (HYPOTENSIVE) on the ProSim 8. The 
alarm should sound. Press F2 (HYPERTENSIVE) on the ProSim 8. Verify the alarm sounds when the heart rate 
increases beyond the high alarm limit. Press the F1 (NORMAL) soft key on the ProSim 8 to set the heart rate 
back to 60 BPM and clear any alarms.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Discharge simulated test patients. Return any alarms that were adjusted to their original settings. Ensure the 
volume of the audible alarms is loud enough to be heard in normal operating conditions.

Figure 14-6. ProSim 8 connections.
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Non-invasive blood pressure monitor
A non-invasive blood pressure (NIBP) monitor measures and displays blood pressure using
external sensors. These devices consist of an inflatable cuff, hose, pressure sensors, processor, and a display. 
Typically, NIBP monitors use an oscillometric method to measure blood pressure. The cuff is attached to a 
patient’s arm and is inflated until blood flow is stopped. As the cuff is deflated, transducers measure pres-
sure fluctuations. The monitor then processes the information from the pressure transducers and displays the 
systolic, diastolic, and mean pressure, typically in millimeters of mercury (mmHg). Most NIBP monitors also 
display heart rate.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3 3
Device is used to deliver direct treatment to the patient 4  
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 ProSim 8 Vital Signs Simulator or equivalent*
 Stopwatch or watch with a second hand 
 Cuff mandrel and T-connector test tubing set to attach NIBP cuff to tubing and  
 connectors to connect to ProSim 8

Test Result
 

Pass Fail N/A

Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current – isolation test (mains on patient applied 
part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V < 2 Ω

*Using single-function simulators or those without built-in automation may significantly 
increase estimated test time referenced above.

Non-Invasive Blood Pressure 
Monitor Procedure Estimated time: 15 minutes
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Test Result
 

Pass Fail N/A

Preventive maintenance

      Check condition of tubing, cuffs and hoses

      Clean recorder paper compartment, rollers and paper guides

      Lubricate motor and paper drive mechanism

      Verify proper time and date; correct if necessary

      Replace battery every 24 months

      Complete model-specific preventive maintenance

Performance testing
      Verify unit operates on battery
      Leak test ≤ 15 mmHg/min
      Static pressure accuracy ± 3 mmHg
      Pressure relief test ≤ 330 mmHg
      Dynamic pressure accuracy ± 10 mmHg
      Heart rate accuracy ± 5 %
      Auto interval time ± 10 %
      Stop/cancel/deflate ≤ 10 sec
      Recorder operation
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Figure 14-7. Example of a NIBP monitor.
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Preventive maintenance
Check condition of tubing, cuffs, and hoses
Inspect hoses and cuffs for signs of wear. Look for holes, cracks, and dry rot. Ensure all connections are 
secure.

Clean recorder paper compartment, rollers, and paper guides
Inspect the rollers and paper guides and remove any debris. Check for bits of torn paper caught in the rollers.

Lubricate motor and paper drive mechanism
Follow the manufacturer’s instructions in the service manual for lubricating the motor and paper drive 
mechanism. Not all motors will need to be lubricated.

Verify proper time and date
Verify that the time and date displayed on the monitor is correct. If the time and date is not displayed on the 
monitor, print a strip from the recorder. The time and date should appear on the printed strip. Correct the 
time and date as necessary.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Verify unit operates on battery
Ensure the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Figure 14-8. NIBP Testing with 
ProSim 8 + cuff mandrel.
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Leak test
Connect a hose and cuff to the NIBP monitor. Place the cuff around a cuff mandrel, PVC pipe or other sturdy 
cylindrical object to simulate placement on a limb. Connect a piece of tubing to the pressure port on the 
ProSim 8. Connect a tee to this tubing and attach tubing and connectors. Connect the two legs of the tee 
between the hose and the cuff of the NIBP monitor. 

Place the NIBP monitor in service mode to perform the leak test. Select LEAK TEST on the ProSim 8. Press the 
NIBP button on the front panel of the ProSim 8. Then, press F1 (TESTS). LEAK TEST should be highlighted. Press 
the ENTER button to select the leak test. Use the navigation UP/DOWN arrows to set the value of the TARGET 
PRESSURE to 250 mmHg. Press the F1 (START) soft key to begin the leak test. Allow the test to run for at least 
30 seconds, then, press STOP to end the test. The leak rate should be less than 15 mmHg/min.

Static pressure accuracy
With the NIBP monitor in service mode, Press F5 (BACK) and use the navigation UP/DOWN arrow to high-
light PRESSURE SOURCE. Then, press ENTER on the front panel of the ProSim 8. Use the navigation UP/
DOWN arrows to set the value of the TARGET PRESSURE to 200 mmHg. Start the test by pressing the soft 
key labeled F1 (START). Compare the pressure displayed on the NIBP monitor with the measured pressure 
displayed on the analyzer. The measured pressure should be within 3 mmHg of the displayed pressure. For a 
displayed pressure of 200 mmHg, the measured pressure should be between 197 mmHg and 203 mmHg.

Pressure relief test
Place the NIBP monitor into service mode. Press F5 (BACK) and use the navigation UP/DOWN arrows to 
highlight the PRESSURE RELIEF test on the ProSim 8. Press ENTER to select the pressure relief test. Use the 
navigation UP/DOWN arrows to set the target pressure to 380 mmHg. Press F1 (START) to start the test. Once 
the high-pressure relief valve is triggered on the NIBP monitor, the monitor will vent the pressure from the 
cuff. Note the pressure at which the relief valve is triggered. The over pressure limit should be less than 
330 mmHg. Check the service manual for the exact value.

Dynamic pressure repeatability
It should be expected that the values given by the NIBP monitor are repeatable for normal and abnormal 
pressure simulations, even if they vary from the pre-set values. The standard for non-invasive automated 
sphygmomanometers by the International Organization of Legal Metrology (OIML R 16-2) includes this under 
their definition of a Patient Simulator. 
Note: This device is not used for testing accuracy but is required in assessing stability of performance. (Section 2.15) Therefore, 
the simulator can be used to verify the performance of the blood pressure monitor by documenting the repeatability of the readings 
obtained. 

Figure 14-9. Testing NIBP using 
ProSim 8.



©University of Vermont Chapter 14: Patient Monitors   127

Place the NIBP monitor into the normal operating mode. Press the NIBP button on the front panel of the 
ProSim 8. The Pressure should be set to a blood pressure of 120/80. Initiate a blood pressure measurement 
on the NIBP monitor. The ProSim 8 NIBP starts blood pressure simulation when the pressure is 10 mmHg. 
Heart beat simulation starts when the pressure equals the diastolic pressure set into the Product. 

The Product stops the simulation when the pressure is 2 mmHg or below. The displayed pressure should 
be within 10 mmHg of the set pressure. For a set blood pressure of 120/80, the systolic pressure should be 
between 110 mmHg and 130 mmHg and the diastolic pressure should be between 70 mmHg and 90 mmHg. 
Repeat the measurements for a blood pressure of 200/150 and a blood pressure of 80/50.

Heart rate accuracy
Set the simulated blood pressure to 120/80 on the ProSim 8. The simulated heart rate will be 60 BPM. 
Initiate a blood pressure measurement on the NIBP monitor. The displayed heart rate should be within 
5 percent of the set heart rate. For a simulated heart rate of 60 BPM, the displayed heart rate should be 
between 57 BPM and 73 BPM.

Auto interval time
Select a standard blood pressure on the ProSim 8 of 120/80. Put the NIBP into automatic mode with an 
interval of five minutes. Use a stopwatch or a watch with a second hand to measure the length of time 
between BP measurements. The measured time should be within 10 percent of the set interval. For a set 
interval of five minutes, the measured interval should be between four minutes 30 seconds and five minutes 
30 seconds.

Stop/cancel/deflate
Initiate a blood pressure measurement on the NIBP monitor. Allow the cuff to inflate. Stop the measurement 
on the monitor. The cuff should deflate in less than 10 seconds.

Recorder operation
After taking blood pressure measurements, print the results using the recorder. Ensure the recorder prints 
clearly and legibly. If the date and time are present on the recorded strip, ensure the date and time is 
accurate.

Alarm function
Verify all alarms are functional and the volume is adequately loud. Ensure appropriate visual indicators are 
functioning. Press F2 (HYPERTENSIVE PATIENT) on the ProSim 8. Make sure the simulated blood pressure 
is set to 200/150 mmHg. Set the high alarm limits on the NIBP monitor lower than the simulated pressures. 
Set the high systolic alarm to 195 mmHg, the high diastolic alarm to 145 mmHg, the high mean-pressure 
alarm to 160 mmHg, and the high heart-rate alarm to 75 BPM. Initiate a blood pressure measurement on the 
NIBP monitor. The high limit alarms should activate. Press F1 (NORMAL PATIENT) on the ProSim 8. Verify the 
simulated blood pressure is set to 120/80. Initiate an NIBP measurement on the NIBP monitor. The mea-
sured normal patient values should allow the audible alarms to quiet and the visual alarms to extinguish. 
Press F3 (HYPOTENSIVE PATIENT) on the ProSim 8. Observe that the NIBP settings are 60/30 with a mean 
of 40 mmHg. Set the low alarm limits on the NIBP monitor higher than the simulated pressures. Set the low 
systolic alarm to 65 mmHg, the low diastolic alarm to 35 mmHg, the low mean pressure alarm to 45 mmHg, 
and the low heart rate alarm to 85 BPM. Initiate a blood pressure measurement on the NIBP monitor. The low 
alarms should activate.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.
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Patient monitor
Patient monitors, sometimes referred to as vital signs monitors, measure and display physiologic parameters 
reflecting a patient’s clinical condition. Patient monitors contain circuitry to acquire and process informa-
tion from physiological sensors, such as electrodes, catheters, and transducers. The monitors are usually 
customizable in measured parameters, and a single model may have several possible configurations. Most 
commonly, these monitors display at least ECG waveforms, SpO2, and blood pressure. Each component of the 
monitor should be tested to ensure accuracy. 

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score

Clinical function
No patient contact 1  

Device may make contact with patient but function is non-critical 2  

Device is used for patient diagnosis or direct monitoring 3 3

Device is used to deliver direct treatment to the patient 4  

Device is used for a life support 5  

Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to death to patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  

Common device failure modes are unpredictable or not very predictable 2 2

While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  

Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  

Incident history
No significant history 1 1

A significant history of incidents exists 2  

Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 ProSim 8 Vital Signs Simulator or equivalent*
 Stopwatch or watch with a second hand 
 Cables to connect to ProSim 8
 Tubing and connectors to connect to ProSim 8
 Cuff Mandrel to attach BP cuff to ProSim 8
 Certified gas canister/cylinder with a known quantity and concentration of CO2

Test Result
 

Pass Fail N/A

Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current – isolation test (mains on patient applied 
part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V < 2 Ω

*Using single-function simulators or those without built-in automation may significantly 
increase estimated test time referenced above.

Patient Monitor 
Procedure Estimated time: 15 minutes
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Test Result
 

Pass Fail N/A

Preventive maintenance
      Check condition of tubing, cuffs and hoses
      Clean recorder paper compartment, rollers and paper guides
      Lubricate motor and paper drive mechanism
      Verify proper time and date; correct if necessary
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Heart rate accuracy ± 5 %
      Amplitude accuracy ± 5 %
      Recorder speed ± 4 %
      Respiration rate accuracy ± 5 %
      NIBP Leak test ≤ 15 mmHg/min
      NIBP Static pressure accuracy ± 3 mmHg
      NIBP Pressure relief test ≤ 330 mmHg
      Dynamic NIBP pressure repeatability ± 10 mmHg
      Auto interval time ± 10 %
      Stop/cancel/deflate ≤ 10 sec
      SpO2 accuracy ± 3 %
      Invasive pressure accuracy ± 5 %

      Verify invasive pressure repeatability (dynamic) displays same systolic/diastolic (mean) each 
time presented with the same value (example: 120/80)

      Temperature accuracy ± 0.3° c
      Carbon dioxide concentration accuracy ± 0.4 vol %
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.
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Preventive maintenance
Check condition of tubing, cuffs, and hoses
Inspect hoses and cuffs for signs of wear. Look for holes, cracks, and dry rot. Ensure that all connections are 
secure.

Clean recorder paper compartment, rollers, and paper guides
Inspect the rollers and paper guides and remove any debris. Check for bits of torn paper caught in the rollers.

Lubricate motor and paper drive mechanism
Follow the manufacturer’s instructions in the service manual for lubricating the motor and paper drive 
mechanism. Not all motors will need to be lubricated.

Verify proper time and date
Ensure the time and date displayed on the monitor is correct. If the time and date is not displayed on the 
monitor, print a strip from the recorder. The time and date should appear on the printed strip. Correct the 
time and date as necessary.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Verify unit operates on battery
Verify the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Figure 14-10. Example of a multi-parameter patient monitor.
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Connect the patient leads and hoses to the ProSim 8 and the patient monitor. Verify the IBP values on the 
ProSim 8 front panel are zero for both IBP1 and IBP2. Select the IBP menus on the patient monitor and zero 
the patient monitor IBP channels. On the patient monitor, set the high and low alarm limits for the NORMAL 
PATIENT values:

Parameter High Limit Low Limit Tolerance

Heart Rate = 60 BPM 63 57 ± 5 %
Resp Rate = 20 brpm 26 14 ± 5 %
SpO2 = 97 % O2 Sat 100 % 94 % ± 3 %

NIBP = 120/80 (93)
Systolic = 131 Systolic = 94 ± 10 % (Repeatability)
Diastolic = 83 Diastolic = 77 ± 10 % (Repeatability)

IBP1 = 120/80 (Art)
Systolic = 131 Systolic = 94 ± 10 % (Repeatability)
Diastolic = 83 Diastolic = 77 ± 10 % (Repeatability)

IBP2 = 28/15 (PA)
Systolic = 31 Systolic = 25 ± 10 % (Repeatability)
Diastolic = 17 Diastolic = 14 ± 10 % (Repeatability)

Temperature = 37 ⁰C 37.3 ⁰C 36.7 ⁰C ± 0.3 ⁰C

Press F2 (HYPERTENSIVE PATIENT) on the ProSim 8. Start an NIBP measurement on the patient monitor. 
While waiting for the NIBP measurement value, verify the patient parameters displayed on the patient moni-
tor and the patient parameter values on the ProSim 8 are within the specified limits. 

Patient parameter alarms
After the patient parameter alarm high limit has been exceeded, verify audible alarms are sounding and the 
volume is adequately. Confirm visual alarms are flashing. Silent the alarm and confirm the alarm quiets for 
the prescribed period of time before sounding again. Note the measured NIBP value and confirm the alarm 
high limits have been exceeded.

Press F1 (NORMAL PATIENT) on the ProSim 8. Start an NIBP measurement. Confirm the patient parameter 
audible alarm quiets and the visual alarms stop flashing. While waiting for the NIBP measurement to com-
plete, verify the values displayed for each parameter on the patient monitor are within the limits specified.

Press F3 (HYPOTENSIVE PATIENT) on the ProSim 8. Start an NIBP measurement. While waiting for the 
NIBP measurement to complete, confirm the patient parameter alarm low limits have been exceeded, the 
audible alarm sounds and the alarm visuals flash. Compare the patient parameter values displayed on the 
patient monitor with those specified in the table. 

Press F1 (NORMAL PATIENT) on the ProSim 8 and confirm the audible alarm quiets and the visual alarm 
stops. 

To simulate an apnea condition, press the SPECIAL FUNCTION button on the ProSim 8. Ensure the RESPI-
RATION function is highlighted. Press the ENTER button on the ProSim 8. Confirm the wave value NORMAL 
is highlighted, then press the ENTER. Use the navigation UP/DOWN arrows to select Apnea, then press the 
ENTER. Confirm the respiration rate is set to zero BRPM. Verify the Apnea audible alarm sounds and the visu-
als flash when the apnea exceeds the duration limit. The alarm should sound for an apnea condition. Most 
monitors will alarm within 30 seconds. Press the F1 (NORMAL PATIENT) soft key to return respirations to 
normal limits. Observe the alarm audible quiets and the visual alarm stops flashing.
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NIBP Leak test
Connect a hose and cuff to the NIBP monitor. Place the cuff around the cuff mandrel or other sturdy cylindri-
cal object to simulate a limb. Connect a piece of tubing to the pressure port on the ProSim 8. Connect a tee to 
this tubing and attach tubing and connectors. Connect the two legs of the tee between the hose and the cuff 
of the NIBP
monitor.

Place the NIBP monitor in service mode to perform the leak test. Press the NIBP button on the front panel 
of the ProSim 8. Press F1 (TESTS). Highlight LEAK TEST. Press ENTER to select this test. Use the navigation 
UP/DOWN arrows to set the target pressure value to 250 mmHg and then press F1 (START) to begin the NIBP 
Leak Test. Allow the test to run for at least 30 seconds, then press STOP to end the test. The leak rate should 
be less than 15 mmHg/min.

Static pressure accuracy
With the NIBP monitor in service mode, Press the NIBP button on the front panel of the ProSim 8, then press 
F1 (TESTS) and use the navigation UP/DOWN arrows to highlight PRESSURE SOURCE test. Press the ENTER 
button on the front panel of the ProSim 8. Use the navigation UP/DOWN arrows to set the test pressure on the 
analyzer to 200 mmHg. Start the test by pressing the F1 (START) soft key. Compare the pressure displayed 
on the NIBP monitor with the measured pressure displayed on the analyzer. The measured pressure should 
be within 3 mmHg of the displayed pressure. For displayed pressure of 200 mmHg, the measured pressure 
should be between 197 mmHg and 203 mmHg.

Figure 14-11.
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Pressure relief test
Put the NIBP monitor into service mode, and then press the NIBP button on the ProSim 8. Press F1 (TESTS) 
and use the navigation UP/DOWN arrows to highlight PRESSURE RELIEF. Press ENTER on the front panel of 
the ProSim 8 and use the navigation UP/DOWN arrow buttons to set the test pressure to 380 mmHg. Press 
F1 (START) to start the test. The test will end when the high-pressure relief valve is triggered on the NIBP 
monitor and the monitor vents the pressure from the cuff. Note the pressure at which the relief valve is trig-
gered. The over pressure limit should be less than 330 mmHg. Check the manufacturer’s service manual for 
the exact value.

Dynamic pressure repeatability
On the ProSim 8, press NIBP and then press the F5 (HOME) soft key. Ensure the NIBP value is set to 120/80 
(93). Initiate a blood pressure measurement on the NIBP monitor. The displayed pressure should be within 10 
mmHg of the set pressure. For a set blood pressure of 120/80, the systolic pressure should be between 110 
mmHg and 130 mmHg and the diastolic pressure should be between 70 mmHg and 90 mmHg. Repeat the 
measurement twice more and confirm the displayed values on the patient monitor are the same as the previ-
ous measurements. Press F2 (HYPERTENSIVE PATIENT) and repeat the series of three NIBP measurements, 
noting the measured values for systolic/diastolic and mean blood pressure. Press F3 (HYPOTENSIVE PATIENT) 
and repeat the series of three NIBP measurements noting the measured values for systolic/diastolic and mean 
blood pressure. The measurements for blood pressures of 200/150 (hypertensive) and of 80/50 (hypotensive) 
should also produce reliable results when multiple measurement at each of the settings are made.

Auto interval time
Select a standard blood pressure on the ProSim 8 of 120/80. Put the Patient Monitor NIBP into automatic 
mode with an interval of five minutes. Use a stopwatch or a watch with a second hand to measure the length 
of time between BP measurements. The measured time should be within 10 percent of the set interval. For 
a set interval of five minutes, the measured interval should be between four minutes 30 seconds and five 
minutes 30 seconds.

Figure 14-12. NIBP Cuff mandrels from 
Fluke Biomedical.
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Stop/cancel/deflate
Initiate a blood pressure measurement on the NIBP monitor. Allow the cuff to inflate. Stop the measurement 
on the monitor. The cuff should deflate in less than 10 seconds.

Invasive pressure accuracy/repeatability
The ProSim 8 can simulate two invasive blood pressure transducers at one time. The blood pressure vari-
ables are set separately for each channel. To set these variables, push the IBP soft key to view the IBP 
screen. Note that both IBP channel 1 and IBP channel 2 are set to zero mmHg. Zero the patient monitor IBP 
channels that are connected to the ProSim 8 IBP channel 1 and IBP channel 2 respectively.

Static pressure accuracy
With the IBP monitor in service mode, press the IBP button on the front panel of the ProSim 8. Both chan-
nel 1 and channel 2 chamber values default to STATIC and the pressure value defaults to zero mmHg. Use 
the UP/DOWN arrows to highlight the PRESSURE value for each chamber, one at a time. Press ENTER on the 
ProSim 8 to change the pressure value to each pressure in a series of pressures specified by the IBP moni-
tor manufacturer. The pressure is active as soon as it is selected. Compare the pressure displayed on the IBP 
monitor with the pressure displayed on the analyzer. The measured pressure should be within 3 mmHg of 
the displayed pressure. For a displayed pressure of 200 mmHg, the measured pressure should be between 
197 mmHg and 203 mmHg.

Dynamic pressure accuracy
Press the IBP button on the front panel of the ProSim 8. Observe the IBP channel 1 and channel 2 display 
chamber (default value = STATIC) and pressure (default value = 0 mmHg). Use the navigation arrows to 
highlight the chamber value. To change this value, press ENTER on the front panel of the ProSim 8. Use the 
navigation arrows to highlight the hear chamber name whose pressure will be sent to the patient monitor 
IBP input (e.g., Arterial). Ensure the IBP menu is displayed, the Chamber value has changed to Arterial, and 
the pressure value now displays 120/80 mmHg. The Artifact value defaults to OFF. Compare the pressure 
value displayed on the ProSim 8 with the pressure displayed on the associated patient monitor IBP channel. 

Figure 14-13. ProSim 8 IBP Screen.
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For a set blood pressure of 120/80, the systolic pressure should be between 110 mmHg and 130 mmHg and 
the diastolic pressure should be between 70 mmHg and 90 mmHg. Repeat the settings for channel 2 and 
confirm the displayed values on the patient monitor are the same as for the previous measurement. Other 
chamber values and their associated pressures can be selected and their displayed values compared. Docu-
ment the measurements by pressing the F4 (SAVE) soft key, then F1 (SAVE AS PASS) or F2 (SAVE AS FAIL); 
press the F3 (ENTER OBSERVED) soft key to enter the values seen on the patient monitor. Alternatively, write 
the values observed on the patient monitor in the form provided in this chapter or from the manufacturer’s 
inspection procedure.

Carbon dioxide concentration accuracy
Connect the gas canister to the patient sample line of the monitor. Inject the gas into the sample line. The 
displayed CO2 concentration should be within 0.4 volume percent of the gas sample. For a gas sample with 5 
percent CO2, the monitor should display a CO2 concentration between 4.6 percent and 5.4 percent.

Carbon dioxide alarm
Set the high carbon dioxide alarm limit on the monitor to below the CO2 concentration of the test gas. Inject 
the gas into the patient sample tubing. The high CO2 concentration alarm should activate. Return the alarm 
limit to its original setting and clear the alarm.

Alarm function
Verify all alarms are functional and the volume is adequately loud. Ensure appropriate visual indicators are 
functioning.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.



©University of Vermont Chapter 14: Patient Monitors   137

Pulse oximeter
A pulse oximeter non-invasively measures the oxygen saturation of a patient’s blood. A pulse oximeter con-
sists of a red and an infrared light source, photo detectors, and probe to transmit light through a translucent, 
pulsating arterial bed, typically a fingertip or earlobe. Oxygenated hemoglobin (O2Hb) and deoxygenated 
hemoglobin (HHb) absorb red and infrared light differently. The percent saturation of hemoglobin in arterial 
blood can be calculated by measuring light absorption changes caused by arterial blood flow pulsations.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3 3
Device is used to deliver direct treatment to the patient 4  
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury or death to patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1
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Masimo Rainbow SpO2 technology and testing
Introduction
Masimo Rainbow is the first technology to non-invasively measure blood constituents and fluid respon-
siveness. All previous technologies have required invasive procedures. Besides measuring arterial 
oxygen-saturation level (SpO2) and pulse rate, Rainbow technology measures the following parameters as 
well: Hemoglobin (SpHb), Carboxyhemoglobin (SpCO) and Methemoglobin (SpMet).

Traditional pulse oximeters use two light wavelengths (infrared light at 940 nm and red light at 660 nm), 
which are absorbed differently by either oxyhemoglobin or the reduced hemoglobin to measure SpO2 concen-
tration. Two-wavelength oximeters cannot measure total hemoglobin or dyshemoglobins. Rainbow sensor 
technology uses more than seven wavelengths of light to acquire blood constituent data based on light 
absorption

When used with the Masimo Rainbow 
Test Sensor, ProSim 8 Vital Signs Simu-
lator is the first and only tester capable 
of verifying the performance of Masimo 
Rainbow Oximeters.

How to test Masimo Rainbow with 
ProSim 8 + SPOT
1. Attach the Rainbow Test sensor to 

the artificial finger of ProSim 8 as 
shown in the figure to the right. 
Place the sensor with the LEDs on 
the bottom of the artificial finger. 
While placing the sensor on the 
artificial finger, monitor the signal 
indicator along the bottom of the 
product display. Adjust the sensor  
on the finger for maximum signal strength.

2. Select MASIMO RAINBOW from TYPE selection 

3. The SpO2 screen shows three more parameters than what is shown for other types of sensors:  
SpMet, SpCO, and SpHb 

 a. SpMet, SpCO, and SpHb cannot be set through the ProSim. The special Masimo Rainbow cable sets  
 them based on the measured SpO2 percent. At 100 %, SpMet = 0 %, SpCO = 0 %, and SpHb = 25 g/dl

  – SpCO:  -1 % change in SpO2 = +0.7 %  change in SpCo
  – SpMet: -1 % change in SpO2 = +0.3 %, SpMet
  – SpHb: -1 % change in SpO2 = -0.5 g/dl change in SpHb
  – SpHb does not change for values of SpO2 above 90 %

F1 F2 ENTERF3 F4 F5

ProSim 8

ProSim
Oximeter SpO 2 Optical
Emitter and Detector

SpO 2 Cable

Pulse
Oximeter
Sensor

To
Patient
Monitor
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 ProSim SPOT Light SpO2 Functional Tester (or equivalent)*

Test Result
 

Pass Fail N/A

Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety
      Ground wire resistance < 0.3 Ω

      Chassis leakage < 100 µA NC 
< 500 A SFC

      Patient leakage current < 100 µA B and BF 
< 10 µA CF

      Patient lead leakage current – isolation test (mains on patient applied 
part)

< 100 µA BF 
< 10 µA CF

      Insulation test (optional) 500 V < 2 Ω

Pulse Oximeter 
Procedure Estimated time: 10 minutes

*Using testers without built-in automation may significantly increase estimated test time 
referenced above.
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Test Result
 

Pass Fail N/A

Preventive maintenance
      Clean recorder paper compartment, rollers and paper guides
      Lubricate motor and paper drive mechanism (if required)
      Verify proper time and date; correct if necessary
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Heart rate accuracy ± 5 %
      SpO2 Accuracy ± 3 %
      Recorder operation
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Clean recorder paper compartment, rollers, and paper guides
Inspect the rollers and paper guides and remove any debris. 
Check for bits of torn paper caught in the rollers.

Lubricate motor and paper drive mechanism
Follow the manufacturer’s instructions in the service manual for 
lubricating the motor and paper drive mechanism. Not all motors 
will need to be lubricated. 

Verify proper time and date
Verify the time and date displayed on the monitor is correct. If 
the time and date is not displayed on the monitor, print a strip 
from the recorder. The time and date should appear on the 
printed strip. Correct the time and date as necessary. 

Replace battery
The battery should be replaced every 24 months. Replace if 
necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance 
tasks specific to the device. Complete the preventive maintenance 
per manufacturer’s procedure.

Figure 14-14.
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Performance inspection
Verify unit operates on battery
Ensure the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go out 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Heart rate accuracy
Attach the SpO2 sensor to the SPOT Light artificial finger. Put the sensor with the LEDs on the bottom of the 
artificial finger. While you put the sensor on the artifact finger, monitor the signal indicator along the bottom 
of the display. Adjust the sensor on the finger for maximum signal strength. Push SELECT for one second to 
power SPOT Light. Ensure all parameters are set to their default values. Use the UP/DOWN arrows to high-
light a required parameter and SELECT to change a selected value, then UP/DOWN arrows again to scroll 
through the available values and SELECT to set the parameter. Use this method to set the SPO2 setting to 
96 percent, HEART RATE to 80 BPM and TYPE to the brand of pulse oximeter under test. Turn on the pulse 
oximeter and ensure the displayed heart rate is within 5 percent of the set heart rate. For a simulated heart 
rate of 80 BPM the displayed rate should be between 76 BPM and 84 BPM.

Oxygen saturation accuracy
The displayed SpO2 value should be within 3 percent of the set value. For SpO2 of 96 percent, the displayed 
value should be between 93 percent and 99 percent.

Recorder operation
After taking O2 measurements, print the results with the recorder. Ensure the recorder prints clearly and leg-
ibly. If the date and time is present on the recorded strip, ensure the date and time is accurate.

Figure 14-15. Attaching the SpO2 
cable to the SPOT Light test device.
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Alarm function
Verify all alarms are functional and the volume is adequately loud. Ensure appropriate visual indicators are 
functioning. Set the high O2 alarm on the pulse oximeter to 98 percent. Set the low O2 alarm to 90 percent. 
Use the UP/DOWN and SELECT soft keys to set SPOT Light to 99 percent and observe that the SpO2 alarm 
high limit is exceeded and the both the audible alarms sound and the visual alarms are properly displayed. 
Use the UP/DOWN and SELECT soft keys to set SPOT Light to 85 percent and observe that the SpO2 alarm low 
limit is exceeded and the both the audible alarms sound and the visual alarms are properly displayed. Use 
the UP/DOWN and SELECT soft keys to set SPOT Light to 95 percent. Verify the SpO2 value displayed is in 
the normal range, audible alarms quiet and visual alarms are extinguished. Return all alarm limits to their 
original settings.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.

Figure 14-16. Simulating heart rate for 
pulse oximeter testing.
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Tourniquets are used to prevent blood flow to a limb during surgery. A pneumatic tourniquet consists of an 
inflatable cuff, an air pump, pressure sensors, and a processor to control cuff pressure. The cuff is placed on 
the limb proximal to the operative site. The cuff is then inflated to a preset pressure, occluding vessels and 
arteries and preventing blood flow past the cuff. The pneumatic tourniquet measures and displays the cuff 
pressure and inflation time. The cuff itself is typically dual chambered, allowing for alternation of the pres-
sure site.

Recommended functional test frequency: Semi-annual

Sample risk assessment
Criteria – choose one rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2  
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3 3

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 14

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 2

Chapter 15:
Pneumatic Tourniquet
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 DPM 4, Model 1G or 2G Pressure Meter (or equivalent)
 Stopwatch or watch with a second hand 
 Squeeze bulb with bleed valve 
 Tubing and connectors to connect to DPM 4
 Cuff mandrel or PVC pipe around which to wrap tourniquet cuff

Test Result
 

Pass Fail N/A
Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety Criteria IEC 62353
      Ground wire resistance 0.3 Ω

 
Current in µA Applied part

Type B Type BF Type CF
Equipment leakage – alternative method
For accessible conductive parts of Class I equipment connected 
or not connected to the protective earth conductor 1000 1000 1000

For Class II ME equipment 500 500 500

Pneumatic Tourniquet  
Procedure Estimated time: 35 minutes
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Test Result
 

Pass Fail N/A

 
Current in µA Applied part

Type B Type BF Type CF
Equipment leakage – direct or different method
Equipment leakage current for accessible conductive parts 
of Class I ME equipment connected or not connected to the 
protective earth conductor

500 500 500

Equipment Leakage current for Class II ME equipment (NC) 100 100 100
Applied part leakage current – alternative method (ac)
Applied part leakage current of applied part — < 5000 < 50

  Applied part leakage current – direct method (ac)
      Total patient leakage current mains voltage on applied part — 5000 100
      Insulation test (optional) 500 V dc applied < 2 MΩ
Preventive maintenance
      Check condition of tubing, cuffs, and hoses
      Replace battery every 24 months
      Complete model-specific preventive maintenance
Performance testing
      Verify unit operates on battery
      Verify function of control valve
      Controller stability ± 10 mmHg after 15 min
      Cuff pressure accuracy ± 5 %
      Timer accuracy ± 2 min after 15 min

      Maximum cuff pressure  ≤ 550 mmHg or 
manufacturer’s specification

      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Check condition of tubing, cuffs, and hoses
Inspect hoses and cuffs for signs of wear. Look for holes, cracks, and dry rot. Ensure all connections are 
secure.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the monitor service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.
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Performance inspection
Verify unit operates on battery
Verify the ac power indicator is lit when the power cord is plugged into an 
outlet. Unplug the ac power cord and perform the remainder of the func-
tional test on battery power. The ac power indicator should go out when 
the power cord is unplugged and the battery indicator should light. Be sure 
to plug the power cord in at the conclusion of the test.

Verify function of control valve
Connect hoses and cuffs to the pneumatic tourniquet. Wrap the cuffs 
around a cuff mandrel, piece of PVC pipe or other sturdy cylindrical object 
to simulate placement on a limb. Inflate the proximal cuff. Ensure the 
tourniquet is able to hold pressure. Inflate the distal cuff. Again, ensure the 
tourniquet is able to hold pressure and then deflate the cuff. Inflate both 
cuffs together. Hold the pressure for a short time and then deflate. If the 
tourniquet has multiple channels, repeat the test for each channel.

Controller stability
Attach a three-way connector to the pressure port on the DPM 4 model 1G or model 2G. Attach a squeeze ball 
to one leg of the connector. Ensure the bleed valve on the squeeze ball is closed. Attach another three-way 
connector to the other leg. Connect the remaining two legs between the hose and the cuff of the tourniquet. 
Set the pressure on the pneumatic tourniquet to 400 mmHg and inflate the cuff. Allow the pressure to stabi-
lize for 15 minutes. After 15 minutes, the pressure should be between 390 mmHg and 410 mmHg.

Cuff pressure accuracy
Set the pressure on the pneumatic tourniquet to 200 mmHg and inflate the cuff. Observe the pressure for at 
least two minutes to confirm the pressure remains stable. The displayed pressure should be within 5 percent 
of the measured pressure. For a displayed pressure of 200 mmHg, the measured pressure should be between 
190 mmHg and 210 mmHg. Set the cuff pressure to 450 mmHg and repeat the measurement. At this setting, 
the measured pressure should be between 427.5 mmHg and 472.5 mmHg.

Timer accuracy
Inflate the cuff on the pneumatic tourniquet. Use a stopwatch or a watch with a second hand to measure the 
elapsed time. Allow the cuff to remain inflated for 15 minutes. The elapsed time displayed on the tourniquet 
should be between 13 and 17 minutes.

Maximum cuff pressure
Set the pressure on the pneumatic tourniquet to its maximum setting. Inflate the cuff and allow the pressure 
to stabilize. Use the squeeze ball to slowly increase the pressure in the cuff until the pressure relief valve 
vents the pressure in the cuff. Note the pressure at which the relief valve is triggered. The over pressure limit 
should be less than 550 mmHg. Check the manufacturer’s service manual for the exact value.

Alarm function
Ensure all alarms are functional and the volume is adequately loud. Check that appropriate visual indicators 
are functioning. Inflate the tourniquet cuff. Slowly open the bleed valve on the squeeze ball to simulate a 
leak. The tourniquet leak alarm should activate.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks 
specific to the device. Complete the performance inspection per 
manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to 
their original settings. Ensure the volume of the audible alarms 
is loud enough to be heard in normal operating conditions. Plug 
in the power cord to ensure the battery remains charged. Figure 15-2. Cuff 

mandrels from 
Fluke Biomedical

Figure 15-1. Fluke Biomedical 
DPM4 Pressure Meter
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Chapter 16:
Sphygmomanometer

A sphygmomanometer is a device used to measure blood pres-
sure. It consists of an inflatable cuff, an inflation bulb with a 
one way valve, and a pressure measurement display. The pres-
sure measurement display may be either a mercury manometer 
with liquid fill (e.g., mercury, alcohol, water, etc.), or an aneroid 
gauge, although many healthcare institutions no longer allow 
the use of mercury. Typically, the cuff is placed around the 
patient’s arm and inflated until the artery is occluded.
The cuff is then deflated slowly while a clinician uses a stetho-
scope to listen for Korotkoff sounds, the sound of blood flow 
through the artery, (e.g., brachial, femoral, etc.). The pressure 
at which the first sound is heard as the cuff is deflating is the 
systolic pressure. The pressure at which sounds are no longer  
heard is the diastolic pressure.

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score

Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3 3
Device is used to deliver direct treatment to the patient 4  
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2 2
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury or death to patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2  
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3 3

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1 1
A significant history of incidents exists 2  
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 10

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1

Figure 16-1. A sphygmomanometer consists of an 
inflatable cuff, an inflation bulb with a one way 
valve, and a pressure meter.
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: DPM 4 Pressure Meter or equivalent* 
 Stopwatch or watch with a second hand 
 Tubing and connectors to connect to DPM 4
 Cuff mandrel or PVC pipe around which to wrap blood pressure cuff

Test Result
 

Pass Fail N/A

Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Preventive maintenance
      Check condition of tubing, cuffs and hoses
      Complete model-specific preventive maintenance
Performance testing
      Gauge zero ± 1 mmHg
      Leak test ≤ 15 mmHg/min
      Pressure accuracy ± 3 mmHg

*Can be substituted with a ProSim 8 Vital Signs Simulator if desired. Please refer to NIBP section of Chapter 12, Patient Monitors, for 
more information on testing blood-pressure cuffs with ProSim 8.

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Estimated time: 5 minutes

Sphygmomanometer  
Procedure
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Preventive maintenance
Check condition of tubing, cuffs, and hoses
Inspect hoses and cuffs for signs of wear. Look for holes, cracks, and dry rot. Ensure all connections are secure.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Gauge zero
With no pressure in the cuff, read the pressure on the gauge of the sphygmomanometer. The gauge should 
read between -1 mmHg and 1 mmHg. Discard aneroid gauges that cannot be reset to zero.

Leak test
Place the cuff around a cuff mandrel, PVC pipe or other sturdy cylindrical object to simulate placement on a 
limb. Connect a piece of tubing to the pressure port on the ProSim 8. Connect a tee to this tubing and attach 
tubing and connectors. Connect the two legs of the tee to between the hose and the cuff of the sphygmoma-
nometer. Close the bleed valve and use the cuff’s squeeze ball to inflate the cuff to the maximum pressure 
indicated on the gauge. After one minute, read the pressure indicated on the gauge. The pressure should not 
have dropped more than 15 mmHg in one minute.

Pressure accuracy
Inflate the cuff to until 200 mmHg is read on the ProSim 8. Read the pressure on the sphygmomanometer 
gauge. The pressure on the gauge should be within 3 mmHg of the true pressure measured on the ProSim 8. 
For example, the gauge should read between 197 mmHg and 203 Hg for a pressure of 200 mmHg. Repeat the 
pressure measurement for 120 mmHg and 60 mmHg.

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. Plug in the power cord to 
ensure the battery remains charged.

ProSim 8

Mandrel
Blood Pressure Cuff

Blood Pressure
Gauge

Wraps around mandrel.

 

Figure 16-2. Pressure source testing a 
sphygmomanometer with ProSim 8.
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Therapeutic stimulators cause controlled muscular contractions by applying electrical stimuli to nerves. They 
are typically used during physical therapy for pain management and to reduce swelling. These devices 
consist of a pulse generator, intensity controls, and a timer. A controlled electrical current is delivered to the 
muscles through electrodes applied to the patient’s skin. Therapeutic stimulators are often used in conjunc-
tion with therapeutic ultrasound. 

Recommended functional test frequency: Annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4 4
Device is used for a life support 5  
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3 3
Device failure could result in severe injury to or death of patient or user 4  
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems

3  

Common device failure is predictable and can be avoided by preventive maintenance 4  
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1 1
There are requirements for testing independent of a numerical rating system 2  

Total Score: 12

Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 1

Chapter 17:
Therapeutic Stimulators
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 190M Medical ScopeMeter Oscilloscope (or equivalent)
 Stopwatch or watch with a second hand

Test Result
 

Pass Fail N/A

Physical condition
      Device is clean and decontaminated
      No physical damage to case, display, mounts, cart, or components
      Switches and controls operable and correctly aligned
      Display intensity adequate for daytime use
      Control numbers, labeling, and warnings present and legible
      Inlets and hoses
      Power cord, accessory cables, charger
      Filters and vents clean
Electrical safety Criteria IEC 62353
      Ground wire resistance < 0.3 Ω

      Chassis leakage
< 100 µA NC
< 500 µA SFC

      Patient leakage current
< 100 µA B and BF
< 10 µA CF

      Patient lead leakage current: isolation test (mains on applied part)
< 100 µA BF
< 10 µA CF

      Insulation test (optional) 500 V < 2 MΩ
Preventive maintenance
      Inspect leads and electrodes
      Complete model-specific preventive maintenance

Estimated time: 25 minutes

Therapeutic Stimulator  
Procedure
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Test Result
 

Pass Fail N/A

Performance testing
      Output accuracy ± 10 %
      Timer accuracy ± 10 %
      Alarm function
      Complete model-specific performance testing

Physical condition
Check the physical condition of the device, as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance
Inspect leads and electrodes
Inspect for signs of wear such as frayed wires or broken strain reliefs. Inspect electrodes for corrosion or a 
buildup of conductive gel. Clean if necessary.

Complete model-specific preventive maintenance
Refer to the monitor’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection
Output accuracy
Connect the scope probe to channel A of the 190M Scopemeter portable oscilloscope. Press the SCOPE button 
on the oscilloscope to enter oscilloscope mode. Press the A button on the scope to access the settings for 
channel A. Select PROBE A and set the probe type to current. Connect the stimulator electrode cable to the 
scope probe. Set the simulator to a Russian waveform with a continuous cycle. Start the stimulator and adjust 
the output to 20 mA. Read the current measured on the scope. The measured current should be within 10 
percent of the set current. With a set current of 10 mA, the measured current should be between 9 mA and 
11 mA. Repeat the measurement for 25 mA, 50 mA, and 100 mA.

 

1 A  Display the INPUT A key labels. 

 

2 F3  
 

Open the PROBE ON A  menu. 

 

3 
ENTER  

Select the probe type Voltage, 
Current, or Temp 

4 
ENTER  

Voltage: select the voltage probe 
attenuation factor 

Current and Temp: select the 
current probe or temperature 
probe sensitivity 

Figure 17-1.
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Timer accuracy
Set the treatment timer on the stimulator for one minute. Start the stimulator and begin timing with a stop-
watch or a watch with a second hand. The treatment timer should sound between 50 and 70 seconds. Verify 
there is no output after the timer stops. 

Alarm function
Ensure all alarms are functional and the volume is adequately loud. Make sure appropriate visual indica-
tors are functioning. Remove one of the electrode cables from the scope probe, being careful not to touch the 
exposed electrode. Verify the electrode disconnection alarm activates. 

Complete model-specific performance testing
Refer to the service manual for performance inspection tasks specific to the device. Complete the perfor-
mance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions.

Figure 17-2.
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Ventilators mechanically move air in and out of the lungs to provide respiration for a patient who is 
physically unable to breathe, or is breathing insufficiently. Most ventilators use positive pressure to push 
gas to the lungs. These devices typically consist of a breathing circuit, a control system, monitors, alarms, a 
source of gas, and either an internal compressor, external connections for compressed gas cylinders or the 
hospital gas wall outlets.

Recommended functional test frequency: Semi-annual

Sample risk assessment
Criteria – choose 1 rating from each category Weight Score
Clinical function
No patient contact 1  
Device may make contact with patient but function is non-critical 2  
Device is used for patient diagnosis or direct monitoring 3  
Device is used to deliver direct treatment to the patient 4
Device is used for a life support 5  5
Physical risk
Device poses no appreciable risk due to failure 1  
Device failure will result in low risk 2  
Device failure will result in inappropriate therapy, misdiagnosis or loss of monitoring 3  
Device failure could result in severe injury to or death of patient or user 4 4
Problem avoidance probability
Maintenance or inspection would not impact reliability of the device 1  
Common device failure modes are unpredictable or not very predictable 2
While common device failure modes are not very predictable, device history indicates TSP testing 
frequently detects problems 3  

Common device failure is predictable and can be avoided by preventive maintenance 4  4
Specific regulatory or manufacturers requirements dictate preventive maintenance or testing 5  
Incident history
No significant history 1  
A significant history of incidents exists 2 2
Manufacturers/regulatory requirements for specific schedules
No requirements 1
There are requirements for testing independent of a numerical rating system 2  2

Total Score: 17
Assignment: 0.0x 0.5x 1x 2x 3x 4x (times per year tested) 2

Chapter 18:
Ventilators
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Equipment information
Control number: ________________________________  Hospital: ________________________________________
Manufacturer: __________________________________  Model: __________________________________________
Serial number: _________________________________  Location: ________________________________________

Test information
Technician: ____________________________________  Date: ___________________________________________

Test type: Incoming ________  Post repair ________  

Test equipment needed: ESA615 Electrical Safety Analyzer (or equivalent)
 VT305 Ventilator Analyzer (or equivalent)
 Test lung (such as ACCULUNG)
 Hoses and connectors to connect to VT305

Test Result
Pass Fail N/A

Physical condition
Device is clean and decontaminated
No physical damage to case, display, mounts, cart, or components
Switches and controls operable and correctly aligned
Display intensity adequate for daytime use
Control numbers, labeling, and warnings present and legible
Inlets and hoses
Power cord, accessory cables, charger
Filters and vents clean

Electrical safety Criteria IEC 62353
Ground wire resistance 0.3 W

Chassis leakage < 100 µA NC 
< 500 µA SFC

Patient leakage current < 100 µA B and BF 
< 10 µA CF

Patient lead leakage current – isolation test (mains on patient 
applied part)

< 100 µA BF 
< 10 µA CF

Insulation test (optional) 500 V < 2 Ω
Preventive maintenance

Clean vents and filters
Replace tubing
Replace battery every 24 months
Complete model-specific preventive maintenance

Ventilator  
Procedure Estimated time: 50 minutes
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Test Result  

Pass Fail N/A
Performance testing
      Verify unit operates on battery
      Gas cylinders and regulators

Hoses, tubing and connectors
Volume accuracy ± 10 %
Respiration rate
I:E ratio
Pressure accuracy ± 10 %

      PEEP
      O2 accuracy ± 2 %
      Alarm function
      Complete model-specific performance testing 

Physical condition
Check the physical condition of the device as described in the General Equipment Procedure.

Electrical safety
Perform electrical safety checks as described in Chapter 6: Electrical Safety. Check ground wire resistance 
and chassis leakage.

Preventive maintenance

Clean vents and filters
Inspect vents and air filters. Clean or replace filters as necessary. Ensure filters are installed properly.

Replace tubing
Replace internal tubing and filters as necessary. Follow the manufacturer’s guidelines for tubing 
replacement.

Replace battery
The battery should be replaced every 24 months. Replace if necessary.

Complete model-specific preventive maintenance
Refer to the ventilator’s service manual for preventive maintenance tasks specific to the device. Complete the 
preventive maintenance per manufacturer’s procedure.

Performance inspection

Verify unit operates on battery
Confirm the ac power indicator is lit when the power cord is plugged into an outlet. Unplug the ac power cord 
and perform the remainder of the functional test on battery power. The ac power indicator should go dark 
when the power cord is unplugged and the battery indicator should light. Be sure to plug the power cord in 
at the conclusion of the test.

Gas cylinders and regulators
Check the condition of gas cylinders and regulators. Remove each cylinder and verify the index pins are 
present on the cylinder yoke. Verify the cylinders have correct color coding and labeling and are within their 
expiration dates. Replace the cylinders in their yokes. Disconnect hoses from the gas system. With the venti-
lator turned off, open each cylinder. Note the pressure in each cylinder. Replace any cylinders with less than 
500 psi. Close the cylinders. The pressure should remain steady on the cylinder gauges.
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Hoses, tubing, and connectors
Check the condition of external hoses, tubing, and connectors. Check for signs of wear, such as cracking or 
dry rot. Ensure all connectors are tight.

Volume accuracy
Turn on the VT305 and allow it to warm up. Ensure all hoses are disconnected from the analyzer, then 
press and hold the ✕ button (SETUP/ZERO) for three seconds to zero the pressure and flow transducers. Press 
✕ (SETUP) on the analyzer to enter the setup menu. Use the ✕ button repeatedly to get to the STANDARD 
screen. Press the O button to select the standard that matches the one use by the ventilator’s displayed 
values. This information should be found in the ventilator’s service manual. If unknown, use the ATP 
Standard.

Press the ✕ button once to reach the GAS TYPE page. Then, press the O button to select the gas used in 
the ventilator. (Most commonly, air or O2 will be used.) Press the ✕ button once to reach the HUMIDITY page. 
Then, press the O button to select the humidity closest to the actual humidity of the gas as necessary.

Connect a patient breathing circuit to the ventilator. Connect the Y-piece of the patient tubing to the high-
flow inlet of the VT305 analyzer. Connect the test lung (such as ACCULUNG II) to the flow outlet of the VT305 
analyzer.

Press the ☐ (VALUES) button several times to find the volume screen. Set up the ventilator with a tidal 
volume of 500 mL, a breath rate of 12 breaths/min, and an inspiration to expiration ratio of 1:2 and start the 
ventilator. The ventilator may take a few breaths to stabilize the delivered volume. The measured volume 
should be within 10 percent of the set volume. For a set tidal volume of 500 mL, the measured tidal volume 
should be between 180 mL and 220 mL. Repeat the measurement with a tidal volume of 1300 mL and a rate 
of 8 breaths/min. The tidal volume should be between 1170 mL and 1430 mL.

Figure 18-2. Proper VT305 set-up for 
positive flow direction.

Figure 18-1. VT305 with test lung 
connected to ventilator.



©University of Vermont Chapter 18: Ventilators   159

Respiration rate
Set up the VT305 analyzer and the ventilator as described above. The respiration rate can be read on the 
timing screen of the analyzer.

I:E ratio
Set up the VT305 analyzer and the ventilator as described above. The inspiration to expiration ratio can be 
read on the timing screen of the analyzer.

Pressure accuracy
Press the ☐ (VALUES) button on the VT305 to reach the pressure screen. If the ventilator has a pressure-
control mode, enter a pressure of 40 cm H2O and a rate of 6 breaths/min; otherwise enter a tidal volume of 
1000 mL and a rate of 6 breaths/min. Start the ventilator. Compare the pressure measured (P) on the ana-
lyzer with the pressure displayed on the ventilator. The measured pressure should be within 10 percent of 
the displayed pressure. For a displayed pressured of 40 cm H2O, the measured pressure should be between 
36 cm H2O and 44 cm H2O.

Positive expiratory end pressure (PEEP)
Put the ventilator into volume control mode with a tidal volume of 1000 mL and a rate of 6 breaths/min. 
Begin ventilating; watch the ventilator airway pressure gauge/display during ventilation. Following expi-
ration, the pressure gauge should return to zero. On the ventilator, set the PEEP to 10 cm H2O. The airway 
pressure gauge should drop to 10 cm H2O following expiration instead of returning to zero. Measure the 
actual PEEP using the VT305 dual PRESSURE VALUES display (Ppeak and PEEP).

Figure 18-4. Ppeak and PEEP measurements 
taken by VT305.

Figure 18-3. Inspiration to expiration ratio testing 
with VT305.
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Oxygen accuracy
Before measuring oxygen concentration using the VT305, ensure the sensor displays the oxygen concentra-
tion of 100 percent O2 when 100 percent O2 is flowing in the breathing circuit. If not, perform the oxygen 
calibration according to the VT305 operator’s manual.

If possible, remove the O2 sensor from the breathing circuit and allow the sensor to sit in room air for 
approximately five minutes. The O2 reading in room air should be 21 percent. Calibrate the sensor according to 
the ventilator manufacturer’s recommended procedure if possible. Return the sensor to the breathing circuit.

Set up the ventilator with a tidal volume of 1000 mL, a breath rate of 6 breaths/min, and an inspiration to 
expiration ratio of 1:2 and start the ventilator. Press ☐ (VALUES) on the VT305 several times to reach the 
Pressure, O2 and Temperature screen. Compare the O2 percentage displayed on the VT305 with the value 
displayed on the ventilator. The measured O2 percentage should be within two digits of the displayed value. 
In 100 percent O2, the measured oxygen percentage should be at least 98 percent.

Alarm function
Verify all alarms are functional and the volume is adequately loud. Ensure appropriate visual indicators are 
functioning. Remove the O2 sensor from the breathing circuit and expose it to room air. Set the low O2 alarm 
to 30 percent. Verify the alarm activates. Return the O2 sensor to the breathing system and return the alarm 
to its previous setting.

Close the O2 cylinder and disconnect the pipeline. The low O2 pressure alarm should activate. Reconnect 
the pipeline and clear the alarm. Repeat this for other gases if necessary.

Set up the ventilator with a tidal volume of 1000 mL, a rate of 6 breaths/min, and an I:E ratio of 1:2 and 
start the ventilator. Note the maximum airway pressure during ventilation. Set the high pressure limit about 
10 cm H2O below the peak inspiratory pressure. If the Peak inspiratory pressure is 40 cm H2O, set the high 
pressure limit to 30 cm H2O. Verify the ventilator immediately stops delivering the breath when the pressure 
limit is reached and allows the breath to be exhaled. Verify the alarm activates. Return the high alarm limit 
to its previous setting and clear the alarm.

Disconnect the inspiratory limb of the patient circuit from the ventilator. The low pressure alarm should 
activate.

Complete model-specific performance testing
Refer to the ventilator’s service manual for performance inspection tasks specific to the device. Complete the 
performance inspection per manufacturer’s procedure.

Return to service
Before returning to use, return any settings that were adjusted to their original settings. Ensure the volume 
of the audible alarms is loud enough to be heard in normal operating conditions. If equipped with a power 
cord or charger, plug in to ensure the battery remains charged and ready for use.

Figure 18-5. O2 Accuracy testing with VT305.
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