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Have you ever experienced the
sensation of contacting a live 120V
wire in your home or work place?

If so, chances are, you felt moderate pain
and involuntary muscle contractions caused
you to pull away from the hazard. Luck-
ily, the human body possesses a natural re-
sistance to electric current, and under the
right conditions, the risk of serious injury
can be fairly low. However, there are many
conditions where the risk is significantly
higher. One such condition is the presence
of moisture. Liquids in general are excel-
lent conductors and they act to lower the
body’s resistance, multiplying the potential
severity of electric shock by as much as 10
to 20 times. Contacting a live 120V con-
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ductor with wet skin will allow higher lev-
els of current to flow through the body, po-
tentially resulting in ventricular fibrillation
and death. Anywhere that liquid and elec-
trically powered devices meet, the risk of
electric shock is heightened. Normal elec-
trical safety features such as equipment
grounding and double insulation are typi-
cally not enough to protect against this. For
this reason, wet locations require special
forms of protection. When reaching for
your hair dryer after stepping out of the
shower, you are protected by a GFCI that
is designed to shut down power to the de-
vice in the event that a ground fault is de-
tected. This has been required by Code
(NEC) in all new construction in the United



ment and several hours to locate and elim-
inate the source of a fault. Obviously, the
risk of interruption of a critical branch cir-
cuit has to be taken very seriously.

Isolated power is a type of ungrounded
distribution system that is isolated from
the grounded service supplying power to
the facility via an isolation transformer. It
provides personnel protection against
shock due to ground faults by limiting the
amount of maximum current that can flow
from either line conductor through the
ground plane. Because the secondary side
of the isolation transformer is not refer-
enced to ground (no neutral), high imped-
ance exists between each line and ground
(refer to figure 1). The magnitude of this
impedance is dependent on an accumula-
tion of insulation resistance and capacitive
coupling in the branch conductors and con-
nected equipment. Therefore, any current
that leaks from one side of the circuit is re-
stricted from returning to the opposite line
by high line-to-ground impedance. A per-
son even directly contacting one of the en-
ergized lines (L1) does not experience a
significant shock. Current flow back to the
source (transformer secondary) is blocked
by extremely high impedance to ground
from the opposite line (L2). In the example
below, the effective fault current flowing
through a patient with a lowered body re-
sistance of approximately 1,000 ohms is 0.1
mA compared to the 120 mA that would be
expected to flow if the same patient con-
tacted the hot conductor in a conventional
grounded power system.

In addition to limiting ground currents
to safe levels, isolated power systems also
provide full time monitoring of all branch
circuits via the line isolation monitor or
LIM. This device continuously monitors
the line-to-ground impedance of the
power system and initiates an alarm in the
event that a first fault has developed, such
as plugging in a defective device. The
alarm notifies staff to the problem, but be-
cause the system effectively tolerates a
first fault, hazard is avoided. In this man-
ner, the LIM is predictive.

As stated above, the costs of installing
and maintaining these systems are still a
large concern. PG LifeLink has been a
leader in this field for over 50 years and
continues to find new ways of increasing
value and lowering the total cost of owner-
ship on these systems. The onetime cost of
installing Isolated Power panels typically

represents around 6-8% of the total electri-
cal distribution equipment installed in a
newly constructed hospital. However, the
incremental cost over similar grounded dis-
tribution equipment is only a few thousand
dollars per operating room. This is small
in comparison to the hundreds of thousands
of dollars worth of other materials and
equipment that are required in such a set-
ting. Even the labor premium is minimal.
Our modern panels are factory assembled
and can be installed in roughly the same
amount of time as a standard panelboard.
Maintenance and required testing have also
been reduced by today’s microprocessor
based Line Isolation Monitors which re-
quire only annual testing versus the monthly
requirements of older units. We can pro-
vide several suggestions to designers and
contractors that will assist in making a pro-
ject as economical as possible. Improved
quality and additional features such as ad-
vanced alarm logging functions and our one
of a kind LIM-Connect™ Line Isolation
Monitor remote interface software improves
compliance and the efficiency of facility
maintenance departments.

Conclusion
Many areas of modern healthcare facili-

ties represent the confluence of electrically
powered devices, conductive fluids in and
around the work area, and a reduction in
body resistance. Isolated Power systems
are a highly effective protective layer in the
overall safety scheme of healthcare facili-

ties. The ungrounded supply provides in-
herent first fault to ground tolerance, mean-
ing that equipment faults cannot generate
dangerous ground currents. All critical cir-
cuits and equipment are continuously mon-
itored for potential first fault occurrences.
When the Line Isolation Monitor deter-
mines that a dangerous fault current could
potentially occur if the insulation system
were further compromised by significant
secondary fault, an alarm is sounded to no-
tify attending personnel. This extra layer
of protection afforded by the ungrounded
continuously monitored power system
means that personnel receive an early warn-
ing, can complete their procedure in safety,
and notifies maintenance staff so that the
situation can be repaired before the next
case. In our judgment, based on logical
analysis, the benefits of these systems easily
outweigh the incremental costs. They pro-
vide a safer overall system than grounded
power and they should be considered stan-
dard equipment for critical care areas. �
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States since 1975. Since then, the number
of electrocution deaths in the US has
steadily declined.1

Healthcare facilities are a prime exam-
ple of an environment where these risks are
magnified, and the use of special protective
measures must be carefully evaluated. Crit-
ical patient care areas are defined as “Those
special care units, intensive care units, coro-
nary care units, angiography laboratories,
cardiac catheterization laboratories, deliv-
ery rooms, operating rooms, post-anesthesia
recovery rooms, emergency departments,
and similar areas in which patients are sub-
jected to invasive procedures and connected
to line operated, patient-care–related elec-
trical appliances.”2 Due to the nature of the
procedures performed in these areas, a va-
riety of fluids are often present, including:
saline and other irrigation solutions, IV flu-
ids, and liquid antiseptics, not to mention
blood, sweat and other bodily fluids. It is
not uncommon for these fluids to accumu-
late on patients and staff, or spill near ener-
gized equipment or onto the floor. In
addition, patients in these areas are at an
even greater risk because they are sedated
or otherwise incapable of self-preservation.

Obviously, the risks of severe injury or
death warrant special protection in these ar-
eas. With that being said, you may be sur-
prised to know such protection is voluntary
for healthcare facilities under the current
state of regulation. Many facilities, in fact a
majority, realize the benefits of GFCI or
isolated power systems in protecting pa-

tients and staff and lowering potential lia-
bility issues. However, a vocal minority
still question the effectiveness of these
systems and claim that the level of risk is
insufficient to justify the added expense.
This is not to say that there is no risk, just
that the perceived cost of mitigation was
not proportional. While recent debates on
this topic have swirled around the long an-
ticipated rewrite of NFPA 99, the consen-
sus is that operating rooms represent the
greatest risk for shock hazards and there-
fore should require enhanced protection
in the form of GFCI or an isolated power
system. The draft revision of this docu-
ment includes new language to classify
newly constructed or renovated operating

rooms as wet procedure locations requir-
ing special protective measures. Although
an Operating Room may not be a wet pro-
cedure location at all times, it is impossi-
ble to predict when wet conditions will
occur. Accidental spillage of fluids occurs
frequently, not to mention that many pro-
cedures utilize liters of irrigation fluid that
often ends up on the floor. In order to
build consensus, an opt-out provision was
included allowing facilities to designate
specific operating rooms as dry areas as
long as they are justified through a formal
risk assessment. This assessment must in-
clude all relevant stakeholders including
physicians (anesthesiologists and sur-
geons), nurses, and biomedical staff. It
should also include analysis of a reason-
able worst case scenario based on the cur-
rent and future uses of the space.3

When deciding what type of special
protection to utilize, designers should ask
the following question. Can interruption
of power under fault conditions be toler-
ated in these areas? Critical branch power
requires a redundant source of supply to
ensure that vital equipment is maintained
in the event of a power failure. Loss of
supply involving time critical procedures
and life support equipment, even for a few
minutes, can prove fatal. This is the pri-
mary reason that ground fault interrupters
are not typically utilized on these circuits.
In the event of a fault to ground, a GFCI
would shut down power to the equipment
in order to prevent a serious shock from
occurring. Unfortunately, the circuit can-
not be reenergized until the fault has been
cleared. It may require specialized equip-
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itored for potential first fault occurrences.
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mines that a dangerous fault current could
potentially occur if the insulation system
were further compromised by significant
secondary fault, an alarm is sounded to no-
tify attending personnel. This extra layer
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vide a safer overall system than grounded
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States since 1975. Since then, the number
of electrocution deaths in the US has
steadily declined.1

Healthcare facilities are a prime exam-
ple of an environment where these risks are
magnified, and the use of special protective
measures must be carefully evaluated. Crit-
ical patient care areas are defined as “Those
special care units, intensive care units, coro-
nary care units, angiography laboratories,
cardiac catheterization laboratories, deliv-
ery rooms, operating rooms, post-anesthesia
recovery rooms, emergency departments,
and similar areas in which patients are sub-
jected to invasive procedures and connected
to line operated, patient-care–related elec-
trical appliances.”2 Due to the nature of the
procedures performed in these areas, a va-
riety of fluids are often present, including:
saline and other irrigation solutions, IV flu-
ids, and liquid antiseptics, not to mention
blood, sweat and other bodily fluids. It is
not uncommon for these fluids to accumu-
late on patients and staff, or spill near ener-
gized equipment or onto the floor. In
addition, patients in these areas are at an
even greater risk because they are sedated
or otherwise incapable of self-preservation.

Obviously, the risks of severe injury or
death warrant special protection in these ar-
eas. With that being said, you may be sur-
prised to know such protection is voluntary
for healthcare facilities under the current
state of regulation. Many facilities, in fact a
majority, realize the benefits of GFCI or
isolated power systems in protecting pa-

tients and staff and lowering potential lia-
bility issues. However, a vocal minority
still question the effectiveness of these
systems and claim that the level of risk is
insufficient to justify the added expense.
This is not to say that there is no risk, just
that the perceived cost of mitigation was
not proportional. While recent debates on
this topic have swirled around the long an-
ticipated rewrite of NFPA 99, the consen-
sus is that operating rooms represent the
greatest risk for shock hazards and there-
fore should require enhanced protection
in the form of GFCI or an isolated power
system. The draft revision of this docu-
ment includes new language to classify
newly constructed or renovated operating

rooms as wet procedure locations requir-
ing special protective measures. Although
an Operating Room may not be a wet pro-
cedure location at all times, it is impossi-
ble to predict when wet conditions will
occur. Accidental spillage of fluids occurs
frequently, not to mention that many pro-
cedures utilize liters of irrigation fluid that
often ends up on the floor. In order to
build consensus, an opt-out provision was
included allowing facilities to designate
specific operating rooms as dry areas as
long as they are justified through a formal
risk assessment. This assessment must in-
clude all relevant stakeholders including
physicians (anesthesiologists and sur-
geons), nurses, and biomedical staff. It
should also include analysis of a reason-
able worst case scenario based on the cur-
rent and future uses of the space.3

When deciding what type of special
protection to utilize, designers should ask
the following question. Can interruption
of power under fault conditions be toler-
ated in these areas? Critical branch power
requires a redundant source of supply to
ensure that vital equipment is maintained
in the event of a power failure. Loss of
supply involving time critical procedures
and life support equipment, even for a few
minutes, can prove fatal. This is the pri-
mary reason that ground fault interrupters
are not typically utilized on these circuits.
In the event of a fault to ground, a GFCI
would shut down power to the equipment
in order to prevent a serious shock from
occurring. Unfortunately, the circuit can-
not be reenergized until the fault has been
cleared. It may require specialized equip-
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