ealthcare is a subject of
H substantial discussion.

Much of the recent de-
bate has concerned the causes of
rising costs for fees and services,
and there has been additional
concern about the impact of forc-
ing costs to lower levels. Can
healthcare services be rendered
inexpensively and yet remain safe
and of high quality? The healthcare
business, like many others today,
depends heavily on sophisticated
electronic technology to improve
the timely, efficient and cost-ef-
fective delivery of services. Elec-
trical power is a key consider-
ation in the interface between
technology and patient. It must
be safe, and it must be high qual-
ity. Consider how these two is-
sues,safepowerandquality power,
affect modern healthcare, its reli-
ability and its cost.

Safety regulations control the
use of electrical power in any
application. In addition toc normal
codes and requirements, the medi-
cal industry must observe special
patient safety standards. Among
these are regulations relating to
the presence of leakage currents.
UL defines these as; “any current
including capacitively coupled
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Poor power prevenis
medical electronics
Jrom performing as
they were designed.
When this bappens,
a performance
issue becomes a
safety issue.

currents which may be conveyed
from accessible parts of an appli-
ance to ground or other acces-
sible parts of the appliance and
which is not intended to be ap-
plied to a patient.”® The -appli-
cable UL standard is UL544. Itisto
be replaced by the year 2005 with
UL 2601-1 and it has counterparts
throughout the world. In Europe,
the standard is known as IEC601.1.
Canada, which has used C5A22.2
125, is introducing C5A22.2 601.1.
In the United States, the FDA is
requiring compliance by instru-
mentation manufacturers with
IEC601.1 equivalent standards.
All these standards address the
limitation of leakage currents in
“patient vicinity” and “patient con-
nected” applications. Researchers

have studied the physiological
effects of electrical currents on
the human body. Early studies by
eleciric utilities and later by Q.Z.
Roy, J.R. Scott, and G.C. Park?
have helped establish the amount
of electrical current needed to
cause discomfort, pain or injury.
The generally accepted threshold
of perception is 500pA. Currents
between 10 and 100mA cause
pain, fatigue and possible physi-
cal injury. Above 100mA, there is
a danger of paralysis of the respi-
ratory system, and fibrillation of
the ventricular muscle may occur.

UL544, IEC601.1 and their coun-
terparts all specify allowable lev-
els of leakage current, although
the regulations may vary in their
details. For example, UL544 al-
lows 300pA of leakage current in
patient connecied applications but
S500pA in patient vicinity applica-
tions. IEC601.1 limits patient con-
nected leakage currents to S500pA
but permits patient vicinity leak-
age currents of as high as 1000pA.
Whatever the limits, these criteria
are designed to make sure pa-
tients are not endangered by elec-
trical leakage currents. This is an
important safety standard to many
manufacturers of medical imag-



ing, patient monitoring or other
electronic systems located and
operated in the vicinity of a pa-
tient. In many applications, leak-
age current requirements are met
through the use of an isolation
transformer. Power quality is of-
ten not even considered in these
same applications. This is a seri-
ous mistake since patient safety is
also affected by power quality
issues.

It is noteworthy that there are
no clear regulatory guidelines af-
fecting the “qualitative” character
of power. Because power quality
problems disrupt the reliable per-
formance of electronic systems
often used in providing healthcare
services, they can have a signifi-
cant impact on patient safety.
Normal-mode disturbances de-
stroy or degrade electronic com-
ponents. Common-mode distur-
bances cause lockups, data loss
and system reboots. Power out-
ages disrupt or delay the comple-
tion of vital clinical procedures.

Poor quality electrical power
prevents medical electronics from
performing as they were designed.
When this happens, a performance
issue becomes a safety issue. How
safe is laboratory data when it's
not reliable? If common-mode
noise halts a computer system
used in conducting an invasive
patient procedure, is the patient’s
safety at risk? If spikes and line
noise degrade the performance of
clinical diagnostic equipment, is
the patient’s care compromised
by not receiving rapid diagnosis
and treatment? And there are eco-
nomic factors to be considered.

Technology has produced
quantum advances in medical di-
agnostics. Tests which once took
days are now completed in hours.
While cycle times have decreased,
the cost per test can be high. From
a financial perspective, the in-
vestment in improved technology
must be fully amortized, and con-
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sistent power quality (i.e., electri-
cal power that is free from noise,
impulses, outages, etc.) is an inte-
gral parnt of that process. Instru-
ment downtime results in both
lost revenue and extra expense.
Lost samples, wasted assays and
extra maintenance all add cost to
the system.

Too often, the burden of defin-
ing and providing quality power
is carried by the instrument user.
A few manufacturers provide an
uninterruptible power system with
their system if data is volatile or
stored in RAM, but since many
UPS systems are quite basic and
not really power quality tools, the



system may still be at risk. Other
manufacturers leave the decision
and selection of power quality
products entirely up to the user,
facility manager or laboratory
tanager.

Efficient healthcare is a deli-
cate balance between economics
and safety. Cost containment strat-
egies recognize the value of do-
ing more with less, spreading in-
strumentation costs over more
patients and reducing cost per
exam by extending the useful life
cycle of capital equipment. Power
quality is an important tool in the
achievement of all three.

Improved uptime means more
procedures per hour, increased
revenue and less expense. Instru-
mentation that runs on quality
power lasts longer, serving more
patients during its useful lifetime

at a lower per-patient cost. One
hospital laboratory calculated its
investment in properly specified
and installed power conditioning
equipment could be paid for in
just forty minutes of uptime, an
amount it exceeded after only
two months. Electronic systems
performing faster, more reliably
and with greater accuracy im-
prove the quality of medical care.
That is an important contribution
to patient safety; perhaps as im-
portant as meeting regulatory leak-
age current requirements.
Power quality has an important
role in healthcare in the United
States. It is equally important in
third-world countries and in the
emerging Eastern European na-
tions where the electrical distri-
bution system is neither reliable
nor high quality. Both here and

abroad, power quality is an inte-
gral part of quality healthcare. It
contributes significantly to the safe,
effective, efficient and inexpen-
sive delivery of healthcare ser-
vices to people worldwide.
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