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This Paticnt Safety Application Note is a discussion ol the (echnical, often

subtle. facrors involved in accidentally induced ventricular fibrillation. Safety

design considerations in electronic cquipment (particularly patient monitoring).

power wirme systems, isolation transformers and new sale grounding procedures are
discussed in this note. including Hewleot-Packard s engineering etforts in this discipline.

Cilorts being made by professional organizations (o improve sufety through the
development of i unified body of standards which will serve cquipment users and
manufacturces alike are brietly treated m 1the Foreword. The conunon goal ameng
those involved is the greatest alidinuble protection for the patient,
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FOREWORD

Recognition ol the hazards of clectrical shock to the catheterized patient has
not paralleled the advances in medical electronic technology. Lt has become
obvious thul the prevention of electrical shock in today’s patient care
Qystems  requires an o ageressive assault on the barriers that prevent the
hospital environment from being electrically sufe. These barriers include a
limited understanding by hospital personnel of the interaction of indwelling
devices to appliances, patients and altendants: limited available data on
patient safcty: limited good maintenance routines: and the lack ol a logical
sct of safety standards For both manufacturers and hospitals.

Several prolessional organizations witltin the medical instrumentation lield
have recoenized the need for improved safety standards for medical
equipment ol all types. These groups have established safety committees
with the intent of developing electrical standards on specific types of
medical equipment. Their combined elfort has been impressive. and a unificd
set of standards is beginmnmg 1o evolve which should serve equipment users
and manufacturers well in years to come. Purchasers and users will have
assurance (hat their equipment will comply with the minimum performance
requirements of the safety standard. Manulacturers will also benc(it from
having a definite set of safety goals from which to design equipment. Of
course. as with any stundards-setting activity, there are pitfalls. Standards
must be written to define desirved performance, not to deline the methods by
which such performance 1s to be achicved. Also. the standards must be
rcalizable and reasonuble from the standpoint of (echnology and cost.

Hewlett-Packard Medical Electronics Division has available three publications
on clectrical safery. The (st entitled “*Using Efcctrically-Operated Equip-
ment Safely With (he Monitored Curdiac Patient.” is written wilth (he
electrically uninformed person in mind. It contains practical information
which the nurse or equipment technician witl be able to use in their
day-to-day acthivities. “‘Patient Safcty  Application Nole AN-718" reviews
the background ol he electrical hazard, equipment faults, and safe practices
to follow in building or remodceling a patient care arca. Another booklet on
“Maintaining  the  Suale Patient Environment™ describes some  important
preventive measures and periodic checks hospitals should be aware ol o
maintain the clectrically-safe patient cenvironment. Finally. tor (hose who
desire further reading in the subject of patient satety. the papers in the
References are reconimended,



ELECTRICAL SHOCK ..

A GROWING CONCERN
OF THE MEDICAL
COMMUNITY

. There has been concern about shock hazard cver since clectric power came

mto gencral use in the late nineteenth century. Probably the first electricians
painfully discovercd that there was more to clectricity than running wires,
installing generators and lights -~ there was a potential hazard to themselves
and others if they failed to observe certain “do’s and don’ts’. So eleciric
compinics got together to establish guide lines of safety {o protect both
their customers and workers. As a cesult much testing has been done through
the years to establish safety standards by determining what amount of
current makes one feel uncomfortable, what causes death, ete. The findings
of (hese studies are summarized in Table 1. !

TABLE 1.Effvats of 60 Hz Flectric Shock * fcurrent) On An Average Human Through the Rody
Trunk

CURRENT INTENSITY —

1 SECOND CONTACT EFFECT

1 MILLIAMPERE THRESHOLD OF PERCEPTION

5 MILLIAMPERES ACCEPTED AS MAXIMUM MHARMLESS CUR-
RENT INTENSITY

10 — 20 MILLIAMPERES “LET-GO"” CURRENT BEFORE SUSTAINED
MUSCULAR CONTRACTION.

50 MILLIAMPERES PAIN, POSSIBLE FAINTING, EXHAUSTION,

MECHANICAL INJURY, HEART AND RES-
PIRATORY FUNCT!IONS CONTINUE.

100 - 300 MILLIAMPERES VENTRICULAR FIBRILLATION WILL START
8UT RESPIRATORY CENTER RUMAINS
INTACT.

6 AMPERES SUSTAINED MYOCARDIAL CONTRACTION

FOLLOWED BY NORMAL HEART RHYTHM.
TEMPORARY RESPIRATORY PARALYSIS.
BURNS IF CURRENT DENSITY IS HIGH.

*Ihroughout the text the reference to “shock” s described in terms of electrical current.

Most accidental contact with electrical wiring occurs through infact skin
surfaces. This is an important point to obscrve. since humans and animals are
fortunate in having a skin that is a relatively good insulator surrounding their
more suscepiible internal organs.

Measurements made from one hand 1o the other have shown that resistance
of (he human body to electrical currents through intact skin surfaces can
vary from 1000 ohwms, if the skinis damp, to over 1.000.000 ohms. i’ the skin
is dry. Probably all ol us have experienced electric shock al once time or
another. Although the threshold of perception of shock varies widely from
person 1o person, it is about 1 milliampere (one one-thousandth aof an
ampere}. A this level, a taint tingling sensation is felt. At current {evels of
around 5 milhamperes, many sensory nerves are stimulated and the sensation
becomes painful, usually to the point thut the subject jumps away from the
source of stimulation.

! Bruner, John M3 “Hazasds ot Slectrical Apparatus,” Anesthesiology . Mar Apr. 19G7,



At current levels higher than 5 milliamperes, motor nerves are stimulated and
the associated muscles contract. At the so-called “let-go” current level,
(approximately 10 to 20 milliamperes) a person can just manage to release
his grip on conductors supplying current, From 20 milliamperes to approxi-
mately 100 milliamperes, the subject has no ability to control his own
muscle actions and he is unable to release his grip on the clectrical
conductor. The electrical current stimulation becomes increasingly painful
and physical injury may result from the powerful contraction of the skeletal
muscles. Despite pain and fatigue, the heart and respiratory functions usually
continue since the current spreads uniformly through the (runk of the body
and tends to bypass the heart as it makes up a relatively small part of the
cross-sectional arca of the human trunk.

At about 100 milliampercs, more life-threatening physiological phenomena
can occur. One of the more common is ventricular fibrillation. a lack of
coordinated action among the muscle fibers of the heart. To understand
fibrillation we should discuss briefly the physiology of the heart.

The heart 1s one ol the most sensitive organs to electric current. Since it
depends tor its function on periodic, highty organized muscle contractions
controlied by internally generated electrical stimuli, small periodic external
currents through the heart can derange the normally organized patterns. If
the external current is of suffticient strength through an arca of the heart,
some of the muscle cells are captured by (he unwanted stimuli and act out
ol the sequence which would normally cause an effective heart contraction
to pump blood. One might think that a tew cells acting out of sequence
would not compromise the pumping ability of the heart. However, if a few
cells become deranged. the effect propogates to neighboring cells which utso
become deranged and they in turn act on (heir neighbors in a similar manyer
(sce Figure 1), This “chain reaction™ can, in a relatively short time. result in
most of the heart cells assuming random. chaotic activity instead of the
synchronized action necessary for a useful, blood pumping contraction. This
random activity ol the heart cells is referred to as “ventricular [ibrillation™.
Fibrillation defeats (he heart’s ability to pump blood and is fatal uniess
corrected within minutes.

FIGURE 1. The Heart In Veatricular Fibrillation



INCREASED
ELECTRICAL
HAZARDS —~ INTERNAL
ELECTRODES

If the electric shock to the body is as high as six amperes from accidental
exposure to live conductors, the heart goes into sustained muscular
contraction much as skeletal muscles do at above the “‘let-go’ level referred
to on Table 1, butif the current duration were only a few seconds, the heart
can revert to normal coordinated muscular pumping. This phenomenon is
used to restore fibrillating hearts to normal shythm by applying a high
current {yom a defibrillator for a few thousandths of a second.

Continuous high current levels of 6 amperes or more also cause tenporary
respiratory paralysis and may cause serious burns, if the current density is
high. At current levels much above 6 amperes, massive damage is caused by
the heating clfect of the current flow, The voliages required 1o obtain these
levels vary widely Dbecause impedance varies from person to person
depending on skin type, contact arca, and on other parameters such as
whether or not the skin is moist or dry.

From the many investigations conducled over the vears. 5 milliamperes has
become accepled as the maximum current that should be allowed to pass
through a human from external contact. Among the many tests that
electrical equipment must pass to rcccive the Underwriter Laboratories
listing is one specifying that “60 Hz leakage currents [rom the power line to
the equipment case sirall be less than 5 milliamperes.” That is, if @ person
were to touch an clectrical instrument or appliance while standing barefoot
on wet carth, therc should be no more than 5 milliamperes flowing through
his body. The fact that accidental clectrocutions are relatively rare is, at least
in part. due to the adequacy of these stundards.

[n the early 1960's, the benelit of clectronjc monitoring equipment for some
lypes ol patients was widely recognized by the medical community.
Relatively little attentjon was given to patient safety in this new environ-
mentl where:

a. fluid electrolytes inside the body substantially reduce resisiunce 1o
current flow (or electrodes in the body increase hazard to patient):

b. manufacrurers differ br grounding sysieins and isolation rechniques;
e hospital power wiring is often inadequate:
d. hospiral maintenance personnel do noi thoroughly understand patient

hazard, electrical grounding. leakage currents, ete.;

e attendanis and doctors have little knoveledge of clectricity and of their
role in maintaining a safe electrical environment.

For example, a paticnt in a modern swrgical intensive cure unit may have as
many as four direct connections to his heurt (o allow pressure measurements
in the hcart chambers, (This same patient could be on an electrically
operated bed, with electrocardiographic electrodes, temperature probes,
respiration sensors; be covered by a hypothermic blanket. and be connected



to a venlilator)) A patient in g coronary care unit olten hag pacemaker
catheters running through a major vein directly into the heart muscle. ready
to take over if the hearts own pacemaker fails, A patient in a modern
catheterization laboratory may require conductive catheters in the vicinity
of the heart o measure intracardiac ECG's and pressures within the heart
chambers. All of these procedures have one thing in common: the clectrodes
and catheters are located inside the body and they bypass the protective
clectrical insulation of the skin.

Experimental work on dogs has shown that ventricular Gbrillation could be
produced by currents as small a8 20 microamperes (20/1.000,000 of an
ampere) at power trequencics of SO or 60 Hz when the current is applied
directly to the heart ? tsce Figure 2). The reason for this increased
sensitivity. which is S000 times below the 100 milliampere level required for
currents passing through the trunk, relates to the current density. Intra-
cardiac electrodes are often in contact with less than one square centimeter
ol the heart muscle, This nicans that the 20 mjcroamperes current is
concentrated through relatively few heart muscle cells and the derangement
ol only these few cells is sulTicient to cause ventricular [brillation.

The actual value of current which is considered hazardous under these
condlitions is still under active investigation. Experiments on human subjects
to determine (he hazardous threshotd have not been and are not likely to be
performed. As a result, hazard limits must be based on extrapolation of
animal experiment data. Based on this. several groups working on establish-
ing safe levels of 60 Hz and 50 Hz current passing dircctly through the heart
have established 10 microamperes as the upper limit.

~——20 MICROAMPERES

POWER
@ SOURCE

IIH

FIGURE 2. 20 Microamperes Can Produce Ventricular Fibrillation (n Dogs

2 “Zpectricyl Hazards Awociated With Cardiac Paceenaking  Whalen, R.E.r Starmer. C.b.. and
Nelnvosh H.D.



EXPCSURE TO
LETHAL
HAZARDS

Electrical hazards which arisc in the hospital environment can be categorized
into two types. The first and most obvious type of hazard is dangerous
not onty to the patient. but to the medical stafl as well. and is caused by
clectrical wiring failures which allow personal contact with a live wire or
surface at the full power line voltage. Such things as frayed power cords,
broken plugs, faulty lamp sockets and wrongly wired outlets, all have the
potential of allowing contact with electrically live parts and lethal voliages
(see Figure 3). Thesc hazards are usually well understood, and a good
maintenance prograin can generally keep this kind of hazard under control.
Such a maintenance program would require that a well-established hospital
procedure be instituted to make sure that such hazards are immediately
reported and corrected promptly.

The main intent ol this note is [o discuss an entirely different class of
hazards — more subtle, bul just as lethal to a catheterized patient as contact
with a live power wire. The source of these subtie hazards usually involves
the much discussed but poorly understood term “‘leakage current.” In
esscncee, recent work on electrical safety has been primarily concerned with
preventing leakage current passage through the patient.

A little time devoted Lo exploring how leakage current originatcs and how it
can become a hazard to the patient will aid in an understanding of the
requirements for a safe paticnt environment. The term “leakage current’ is
mentioned frequently in articles on patient safely. Unfortunately, the
impression is often gained that a device with over 10 microamperes of
leakage current is inherently unsafe. In reality, this is not the case, as leakage
current over 10 microamperes is hazardous only when allowed to pass
through internal catheiers in the vicinity of the heart.

FRAYED POWER
CORDS

BROKEN PLUG

\_J FAULTY LAMP

SOCKETS

FIGURE 3. Electrical Hazards, Very Common ~ Very Lethal



LEAKAGE CURRENT

The definition of leakage current for our purposes is the following.

“Leakage current” is an inherent flow of current from the live electrical
parts of an appliance oy instrument to the accessible metal casing or parts.
This current normally flow through a third wire connection to ground.

Leakage current is an unfortunate name for this phenomenon, as it implies
that something is faulty, when actually leakage current exists more or fess in
all power-linc operated equipment,

Leakage current gencrally has two components — one capacitive and the
other resistive. Capacitance leakage current develops because any two
conductors separated in space have a certain amount of capacitance between
them. If an alternating voltage is applied between them, a mcasurable
amount of current will flow. Related to electronic equipment, these currents
arise primarily from capacitive coupling in RF filters and between the
primary winding, core, and case of the power transformer, as well as between
power cord conductors and the third (ground) wire (see Figures 4 and 5).

The resistive component of leakage current arises similarly as the lcakage
current due to capacitance between primary wiring components and the
instrument chassis, but now we're concerned with the insulation around
conductors. Since no substance is a perfect insulator, some small amount of
curtent will flow through it. However, insulation technology using modern
thermo-plastic dielectrics is sufficiently advanced so that resistive leakage can
usuatly be ignored. Our real concern, then, is dealing with capacitive leakage
currents inherent in all line operated instruments.
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Because the leakage current is an inherent phenomenon in all power line
operated cquipment, a third or grounding wire is provided in the power cord
which effectively drains leakage currents off. But what happens when this
third wire becomes broken? The normally harmless currents become i
hazard.

Let us consider a typical electrical instrument connected to the power line,
where current fowing in the ground wire (the leakage current) is assumed (o
be 100 microamperes. 11 the chassis of this device were also connected (o the
patient who is grounded, very litde of this current flows through him. [f we
assume the patient presents a S00-ohm resistance to ground and the ground
connection from the instrument has | ohim ol series resistance. then the
current divides according to the relative size of the resistances {sce Figaure 6).
Only 0.2 microampere flows through the patient. {f the ground connection
breaks Tor some reason, the full leakage current will flow through the patient
(sec Figure 7). This is a hazardous situation. particularly if the cusrent goes
through internal electrodes in the vicinity of the patient’s heart.
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SUBTLE
HAZARDS
POSSIBLE IN
HOSPITALS

Several measures could be taken to make sure that the Jeakage current does
not present a hazard to the patient in the event of such a grounding lailure:

4. The first, and seemingly most obvious solution, would be 1o reduce the
leakage current from the instrument to below 10 microamperes, then even if
the patient were connected to the instrument case and the power cord
ground breaks. there would be no hazard. Practically . it is extremely difficult
to oblain power (runstormers with low coough leakage capuacitance or with
primary wiring spacing which reduces leakiage current 1o these levels. So this
has not been a practical ahernative.

b. A sccond solution might be to devise a warning device which
continuously monitors the continuity ol the ground connection. However,
there are practicl problems here such as the necessity ol using {four wire
powcer cords. or additional ground wires. These lacts do not make this
approach feasible al present.

c. Third. an additional eround wire could be added. paralleling the eround
wire in the power cord. to reduce the probability of tajlure. This requires the
attention of the stall. however, 1o insure that this additional connection is
made when the cquipment s plugged in.

d. Fourth. the integrity of (he ground connection could be checked on a
routine basis by hospital clectronic technivians or by the medical staft before
the cquipment s used.

e, FFinallv. it is possible 1o clectrically isolate the patient input connections
so that even il the ground wire did break, the current through the
catheterized  patient would he well below  the huazardous point. This
protection s relerred to as isolated input circuitry and will be discussed in
detail in succeeding sections.

Now, with 4 buckground im leakage currents and the physiological cffect of
small  currents on the catheternized patient. let us consider some very
plausibie hazard situations in hospitals,

The first case ilustrates the subtle electrical hazords which result from
inadequate or non-existing grounds, but which does not produce sufficient
hazardous current 10 be felt or seen by the stafl members using the
eqrupment:

CASE 1 Parameiers: (1) the patient is lving on an electrically operated bed.
(2) The ground connection from the wall plug is faulty. (3) The patient is
cquipped with o transvenous pacing catheter connected to a smuill, battery
operated pacemaker. (4) The pabient is connected to an ECG monitor. The
richt Tee FCG eleetrode is connected to the hospital grounding system
throush the monitor.

Analvsis: The tanlty ground connection on the electric bed allows a voltage

to exist on the bed frame due to capacitive coupling between the bed frame
and the primary wiring in the bed. Normally this voltage produces a current
which is conducted harmiessly o ground, but if this ground wire breaks the
current can follow other paths. [n this example, assume that a attendant
comes 1o the bedside to adjust the pacing catheter connections and, without
thinking, simultancously touches the pacemaker terminals and the bedrail.
Assume he supplies a 100.000-ohm conpection between these (wo points,
and that the resistance between catheter terminals und patient is S00 ohms.
We can see from the analysis that he completes the path between the power
line and ground. with the path going dircetly through the heart. 1f we assume



the leakage impedance of the electrical bed is approximately 1 megohm
(assuming 2500 picofarads of capacitance from power line to bed frame),
then a simple caleulation shows that over 100 microamperes pass through
the patient’s heart (200 microamperes if 240 volts is assumed).
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This is almost certain to be a hazard to a catheterized patient. The medical
staff probably would not have noticed that a hazard existed. If one of them
were to touch the bed frame and ground simultaneously, only
100 microampercs would pass through them. This is below the threshold of
perception ol most adults for currents passing through the skin and would
have gone unnoticed. A clue that something was wrong might have been an
increase in the amount of line frequency interference on the ECG trace on
the monitor, The natural reaction of the nurse would be to sec if the
electrode creme had dried out, requiring replacement. Since this procedure
would fail to reduce the interference, she might then assume that something
was wrong with the monitor, and call the monitoring equipment serviceman.
During all this time the bed would continue to operate, so that a fault in it
probably would not be suspected. Although the fault in this case was due to
a faulty ground connection from the bed, the same kind of hazard would
exist if the ground connection in this right leg grounded type of ECG moni-
tor were broken instcad.

Recommendations: (1) Periodic check of ground wire continuity of all
equipment in vicinity of patient. (2) Isolated input circuits on ECG monitor,
as described on Page 16. (3) Training staff to recognize potential shock
hazards and remedies.

Stemnmary

Fault: Broken ground wire in electric bed power cord.

Hazard: Leakage current from the bed that would normally be conducted to
ground now can flow through the patient grounded through right leg
electrode of ECG monitor.

Indications of Hazard: Possible increase in interference on ECG monitor.

CASE 2 Parametrers: Same as Case 1 but with saline filled catheters and a
two-wire cord appliance in the vicinity ol patient.

Analysis: A similar situation could occur if saline filled catheters were used
to monitor pressures or take blood samples in the vicinity of the heart. The
saline column in the catheter is a sufficiently good conductor to provide a
path for hazardous currents to reach the heart. Often these catheters are
grounded through the pressure transducer to the monitoring instrument case.
This presents a hazard because the patient or an intermediary could touch
improperly grounded equipment. He would inadvertently provide a source of
current which flows into the patient, through the catheter, and to ground via
the pressure transducer and monitor.

The source of current could be any device with a two-wire power cord as
well as improperly grounded equipment. Many such devices which connect
to the power outlet with only a two-wire cord can present a hazard to the
patient even though their power cords and insulation arc in good condition.
Sufficient capacitive coupling often exists in the power wires to allow
leakage cusrents greater than 20 microamperes to flow if the patient just
touches the outer case of some of these devices. In some equipment this
current flow can be as high as 500 microamperes.

The leakage current available from ungrounded television sets, radios,
electric shavers, and lamps is usually so feeble that it is not felt by the
attending staff. But that feeble current is sufficient to be a hazard to the
patient with electrodes in the vicinity of the heart, where 20 microampere
currents are considered hazardous.

1
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HAZARDS FROM
EQUIPMENT THAT
APPEARS TO BE
PROPERLY
GROUNDED

CASE 2

ALIKE FILLED CATHETER

"

Z2WINE

UNGROUNDED

Recommendations: (1) Within |5 leet of patient, usc only apparatus with
3-wire power cords and proper grounds. (2) Train staff in recognition of
hazards. (3) Eliminate as many permanent ground paths from patient as
possible through use of isolated input monitoring devices.

Sunumary

Fault: Devices with two-wire power cords.

Hazard: Leakage currents present on outer surface of bedside devices.
Ciround path through saline column in indwelling cathetcr.

Indications of Hazard: None. unless teakage current can be felt by attending
staff.

in the situations discussed thus far, the sources of current have been due to
lcakage current from properly functioning equipment which was discon-
nected from ground. ecither through ground connection failure or because a
3-wire power cord was not used.

Unfortunately, a hazardous situation can still occur when equipment appears
to be properly grounded. As an cxample, assume that a patient is being
monitored in an [CU under the following conditions:

CASE 3 Purumeters: (1) The patient is being monitored by an LCG monitor
which grounds the right leg electrode. (2) The patient’s arterial pressure is
being monitored using an intracardiac, salinc-lfilled catheter connected o a
pressure transducer, which in turn attaches to the pressure monitor case and
then to ground. (3) These monitors are connccted to separate. grounded
3-wire wall receptacies. (4) The grounds from these two outlets are not
connected together except at a central power distribution pancl many feet
from the ICU area.

Analysis: Let us assume that a cleaning service person now plugs a vacuum
cleaner into a wall outlet on the same circuit as the ECG monitor. The
clecaner has a threc-wire power cord with the third wire grounding its outer
case. This is a necessary safety feature for vacuum cleancrs, as they are
notoriously hazardous devices from an electrical safety point of view.
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The windings of the motor arc continually exposed to dust, often damp,
which provides a good path for an eventnal “winding-to-outer-case’ short.
Because this kind of short makes the case rise 1o Mull line voltage, the case s
grounded to prolect the operator. In this example the vacuum cleaner hasn't
completely failed. but has developed a fault sufficient to allow 1 ampere to
flow down the ground wire, back to the power distribution panet. i1 we
asswme that the power distribution panelis 50 feet away and that the power
wiring s 12 gauge, the 50 leet of ground wire has 0.08 ohm ol resistance.




MONITORING
INSTRUMENT DESIGN
CONSIDERATIONS
FOR SAFETY

The one ampere of current {lowing in the ground wire common to the ECG
monitor results in a voltage drop of 80 millivolts. Since a very small current
is flowing in the ground wire from the pressure monitor, its case remains
very close to ground. We see that this potential difference appears directly
across the patient, between the ECG monitor and the pressure monitor.

If we assume that 10 microamperes is the maximum safe current, this
amount of current will flow if the impedance through the patient between
the ECG monitor and the pressure monitor drops to less than 8000 ohms.
This might be considered a low resistance for this path, but the voltage could
also have been higher due to longer ground wires or higher fault currents,

There are sevcral important points to learn from this example, as it retates to
an entire class of low voltage hazards which can be difficult to detect and the
causes more difficult to find. In the example cited, the wiring would have
met the provisions of most existing wiring codes. Such wiring could be in an
older hospital, where additional power outlets and circuits were added as
part of 2 modernization program without abandoning existing outlets and
wiring.

These low voltage hazards woukl not be detected by the medical staff, since
the resulting current through them would be too feeble to be felt. There js a
remote possibility of an increase in the amount of interference on the ECG
monitor trace, but if it occurs it may be interpreted as a fault in the monitor,
not in the wiring. Also, the hazard may exist only for short periods of time,
such as when the vacuum cleaner is in use, so that the staff may be unabie to
find the cause. If the voltage were sufficient to cause fibrillation in the
patient in this example, it is unlikely that the medical staff would associate
the patient’s difficulty with the cleaning service vacuum cleaner.

Summary

Fault: Two devices connected to patient are plugged into outlets with
grounds connected together by excessively long wire.

Hazard: Faulty appliance causes difference in ground potential between two
devices and allows current to flow through the paticent.

Indication of Hazard: None likely, possible increase in ECG interference.

Recommendatrions:

(1) Place all power outlets in vicinity of patient oh a common panel, with
ground connections strongly bonded together. (2) Assign a power circuit to
opcrate patient care equipment and prohibit its use for any other purpose.
(3) Routinely check potential on ground terminal of outlets to be used for
operating patient care equipment, with. respect to all other conductive
surfaces within 15 feet of the patient. (4) Provide isolated input monitoring
equipment to eliminate possible paths for, and sources of, hazardous current,
(5) Training staff to recognize potentially hazardous conditions and provide
procedures for having them investigated and corrected promptly.

Since paticnt monitoring instruments are usually connected to the patient
for relutjvely long and uninterrupted periods, it is true that the monitors
could provide onc link in the conductive pathway that results in hazardous
current flow through the catheterized patient, Therefore, it is necessary to
have an understanding of the development ot various types of monitoring
devices in relation to electrical shock hazard.



When the first amplified electrocardiographs appeared in the late 1940’s an amplificr system was used
called the “ground referenced differentjal amplifier” (see Figure 8). The right leg of the patient was wired
with an electrode directly to ground to reduce power line interference on the amplified signal. The patient
signal leads were connected to the input of a differential (ECG) amplifier. Since patients then did not
usually have conductive contacts inside the heart (or body), patient protection from electrical shock was
through a fuse, usualiy 5§ milliamperes, in series with ground, or the right leg lead. This system had the
advantage of low cost, simple design, and adequate safety as long as the electrodes were outside the body,
on the patient’s protective skin,

When continuous ECG monitors for Operating Room and 1CU were first designed, clectrical safety was not
recognized as a major problem, so the same “grounded referenced differential amplifier’ circuit was used in
them as well. In fact, many ECG monitors on the market today use the same circuit, some without even a
patient fusc to provide protection against gross shock hazard. These systems require a continuously
connected ground contact on the patient for proper operation. From a safety point of view, this contact
can serve as a path for hazardous current.

If equipment of this type is used for monitoring, it’s not necessarily unsafe, However, it is mandatory that a
stringent program be in effect, which will insure that all conductive surfaces in the vicinity of the patient
are at the same potential, so that no source of hazardous voltage is present. Unfortunately, if a failure
occurs in the ground wire, or an appliance in the patient environment fails, allowing large ground fault
currents to flow, the patient can receive a potentially lethal shock. He is placed in a situation where a

1946 1962 1967

Figures 8, 9, and 10 show evolution of Electrocardiograph Amplifier Circuit,
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normally safe activity for himself or a safe procedure by the staff becomes a
lethal one. Although some measures are available to detect such equipment
failures, not all potential huzards can be detected. Constant vigilance of the
staff and routine safety checks by clectronic maintenance personnel are
always required.

In 1962, with the emergence of the transistor, observers recognized that
better circuit designs could be used to monitor and record an ECG while
providing a worthwhile improvement in the safety of the patient. With the
introduction of the Hewlet1-Packard Model 500 Electrocardiograph and the
first Hewlett-Packard 780 Serics Patient Monitors, a new concept in ECG
amplifiers was used. 1t is referred to as a “‘Driven Right Leg Electrocardio-
graph Amplifier'” and js shown schematically in Figure 9.

The “Right Leg Amplifier” samples the interference in the ECG signal
(usually 50 or 60 Hz) coming from the patient and delivers a signal back to
the patient which cancels the interference signal already on the patient. This
current feedback never exceeds the current already flowing through the
patient due to capacitive coupling with the ac power Jine. The Right Leg
Amplifier does not contribute to a hazard and results in a better, ¢cleaner
ECG record or trace. The right leg amplifier also is used to provide isolation
of the patient from the chassis (hence ground) of the ECG amplifier. This
isolation is sufficient so that the amount of current that can flow from the
patient to the ECG monitor is limited to less than 40 microamperes if the
patient is above ground by one volt orless {rom an external source.

Although this may not seem to be a significant amount of impedance, it does
provide adequate protection against the whole class of low voltage hazards
which are often the most difficult to detect. [t provides considerably more
protection than that offered by ECG amplifiers using a grounded right leg
technigue.

It became apparent during the past lew years that the patient in the typical
ICU and CCU was being exposed to an cver-increasing dunger of accidental
electrical shock, due to the growing practice of using conductive internal
electrodes or saline filled catheters in the vicinity of the heart. With
improvements in transistor circuits, from an electronic enginecr’s point of
view, there was no reason why the ECG monitor, pressure monitor, or
portable electrocardiograph had to have a direct ground path to the patient
for proper operation. If it were possible to eliminate the direct ground path,
which is continuously connected, a conductive pathway for hazardous
currents through the patient could be removed.

Hewlett-Packard accomplished this by designing isolated input circuits into
all of their clectrocardiographic instruments which are normally connected
to patients with indwelling electrodes. This circuit is shown in block diagram
form in Figure 10.

The isolated circuits, which connect directly to the patient, are physically
insulated from ground and other portions of the electrocardiograph or
patient monitor. This isolated circuit receives its power through a small
isolation transformer inside the instrument, operating at a high frequency,
and transmits the ECG signal through another jsolation transformer,
operating also at the same high frequency, to the display and recording
sections of the device. No conductive path is present between isolated and
other sections of the instrument. If jt were possible to make the circuit
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infinitely small or separate it by an infinite distance from other portions of
the device, it would be possible to achieve perfect isolation. This is not
possible of course, so a small amount of capucitance remains between the
isolated and grounded scctions of the circuits. It is an cngineering objective
to reduce this capacitance as Jow as practical, and with present techniques
one can achieve over 10 megohms of isolation impedance at SO Hz or 60 Hz
between input terminals and ground.

Portable electrocardiographs and ECG patient monitors currently manu-
tacturcd by Hewlett-Packard which have isolated input amplificrs include the
[SOOA. 15YTAL ISI3A and 1514A I515/16A clectrocardiographs as well as
the 7807B and 7830A ECG monitors and the 8811A bio-electric amplificr
for operating roont and catheterization laboratory use.

Other monitoring devices which are connected to the patient can also be
tsolated. For example, transducers for arterial and venous pressure measire-
ment can be designed so that the saline column in the catheter is not
connected 10 the chassis of he pressure monitor through the shicld in (he
transducer cable. Such isolation is available in the Hewlctt-Packard 1280B
and 1280C physiological pressure transducers. Sensors such as temperature
probes, beart sound microphones, and respiration transducers are also
available in isolated versions.

The value ol isolating the ECG leads from a patient in an JCU can be further
emphasized by referring to Case 1 on Page 9. Recall that the patient was
being monitored by an ECG monitor which grounded his right leg. This
clectrode became part of a hazardous current path when the attendant
touched the electric bed with its bioken ground comnection and ihe
pacemaker catheter terminals simultancously. [f we substitute a monitor
with isolated input circuits, such as HP 7807B with 25 megohm isolated
impedance. the amount of current flowing through the monitor shown in
Figure 11 will be less than 5 microamperes (a considerable reduction
compared to the 100 microamperes in Case 1). The actual current through
the patient in this example will be somewhat higher, as the isolation
impedance of the monitor is effectively shunted by paticnt cable and paticnt
body capacitance, which would allow approximately 5 to 10 microamperes
more to flow under the conditions described.

{ e — =- — - 5 MICAOAMPERES {OR < 10 MICROAMPERES

240V, 50 Hat

FIGURE 11, Electrical Analysis of Case 1 Using HP 78078 Monitor



COMPARISON OF The table shows the amount of power line frequency current which will flow
CURRENT FLOW into the input terminals of an ECG monitor from the patient for varying
FROM PATIENT TO amounts of potential difference between patient and amptitier. Three
ECG AMPLIFIERS different types of ECG amplifiers are compared: (1) Grounded input ECG
amplifier with 1000 ohms patient jmpedance. (2) Typical ECG amplifier

including  driven right leg circuitry and 1000 ohm patient impedance.

(3) ECG amplifier with isolated input circuit with an effective isolation

impedance of 15 megohms made up of typical patient cable and stray

capacitance,and the 25 megohm isolation impedance of instruments such as

the HP 780713 and 7830A monitors and 15300A/1500A Electrocardiograph.

TABLE 2, Current Flow Vs, Potential Difference {Volage) Setween Patient and ECG Amplifier
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ECG MONITOR ECG MONITOR
VOLTAGE BE- £CG MONITOR WITH DRIVEN WITH ISOLATED
TWEEN PATIENT WITH GROUNDED RIGHT LEG INPUT
AND MONITOR INPUT CIRCUILT CIRCUIT
(60 H2) (microamperes) (microamperes} {microamperes)
0 0 0 0
25mv 2.5 0.72 6.0002
5.0mV 5.0 1.4 0.0003
80 mV 80 2.3 0.0054
150 mV 150 3.2 0.01
1.0 voht 1000 38 0.067
S0 volis 50,000 1000 3.3
120 voltx 120,600 2400 8.0
240 volts (30 Hz) 240,000 4800 16.0

Several important points should be apparent Irom Table 2.

(D) I grounded input ECG amplifiers are used on patient with indwelling
electrodes, voltage differences in the vicinity of the patient should be no
greater than 10 nillivolts. When equipment using driven right leg circuits is
uscd, considerably higher voltages can be tolerated in the vicinity of the
paticat (up 1o 1 voit maxinuuwn) with reasonable safety. This provides good
paticnt protection rom the usual voltages resulting from differences in
groumd potentiadd, which rarely exceed 1 volt, (2) When cquipment using
isolated input circuits is used, the current through thie smplifier under these
conditions is almost not measurable at low voltages. (3) In the event of o
ground wire break which exposed the patient to higher voltages, an isolated
input monitor will provide protection against hazardous current flow.

[solating the amplifier input circuit is not the complete answer to patient
safety. No single element is, The entire patient environment must be
considered:

Proper grounding of equipment.

<

b. Regular inspection to verify grounding integrity.
c. Instruments that isolate the patient from ground.

d. The value of power isolation transformer.



THE POWER
ISOLATION
TRANSFORMER AND
PATIENT SAFETY

ETHER FIRES AND
STATIC ELECTRICITY

The power isolation transformer approach to a safe environment for the
patient is conceptualty based on climinating low voltage hazards, in contrast
to the isolated input or ‘“patient isolation” approach, which eliminates
possible current paths through the patient. Although the concepts are
different, they are complementary, and the combination of both results in a
safe patient environment.

Both concepts are based on achieving the same objective: the prevention of
electric currents greater than 10 microamperes from passing through the
heart muscle (myocardium) from indswelling clectrodes.

The power isolation transformecr concept assumes that the externatly
exposed end of the clectrode or catheter will be grounded intentionally or
by accident. Given this, and assuming that the resistance to current flow
measurcd Irom the catheter terminals to a point on the patient’s skin surface
can be as low as 500 ohms, it then becomes necessary to limit the potential
difference between the catheter (erminals and any other surface or
instrument in the vicinity of the patient to less than 5 millivolls, if (he
current is to be below 10 microampercs.

Practically, achicving and maintaining such low levels of potential dificrence
in a patient arca is not an casy task. 11" the leakage current from an appliance
near the patient exceeds 5 milliamperes, and the grounding connection to it
exceeds one ohm. not improbable conditions. then the potential on the
outer casc of the device will exceed the 3 millivolts defined as hazardous.
Furthermore, if an internal insulation failure occurs in the appliance,
allowing a live power wire to touch u grounded part, the resulting fault
current {flow can reach many amperes betore the fuse or circuit breaker in
the branch circuit supplying power to the appliance opens. Larger fault
currents will cause potential diffecrences of several volts — obviously
intolerable in the vicinity of a patient with a grounded indwelling catheter.

The power line isolation transformer has been proposed as a basie element in
an electrical power system which will minimize voltages in the vicinity of the
sensitive palient.

Isolation transformers and their associated acccssories are relatively ecxpen-
sive, and can add S1000 to 82000 to the per bed cost of a monitoring
installation. Because of this cost. it is important for hospital and building
engineers to have a thorough understanding of jsolated power systems in
order to determine il the expense of such a system is justificd in their
situation.

The Tollowing is a briel discussion of the development and use of ixolated
power systems in hospitals.

The power line isolation transformer first came into usc in hospitals several
decades ago when the use of anesthetics in the operating room became
widespread. One of the first anesthetic agents used was ether, which has
excellent properties as an anesthetic, but which also has the unfortunate
characteristic of being highly flammable. Ether vaporizes readily at rocom
temperature, and jts fumes arc heavier than air. Explosive concentrations of
a mixture of ether and air collect at the lowest level in the operating room,
well below the level which could be detected by smell by the attending staff.
Alter several (ragic explosions involving ether fumes, it became obvious that
stringent salcty procedures were required {o use ether safely.
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The explosion problem was solved by the elimination of potential ignition
sources. Studies revealed that static electrical discharges and fires or arcs
from insulation breakdown in the power wiring to clectrical devices in the
opcerating room accounted for tnany of the (ires.

Elimimating the buitd-up of static clectricity was accomplished by providing
a palh to ground for any built-up static charge before the potential became
large enough to cause an accidental spark. This was accomplished by
grounding all metallic objects in the operating rocm. In addition. personnel
it the room are required to wear clothing which docs not tend to build up
static charges. They uare also required 1o wear shoes whicli make electrical
contact between their bodies and the (loor. The floor is treated with a
spectal additive which makes it conductive to ground. Theww and other
measures have resulted in almost complete climination of cther fires in
present day operating rooms due to static clectricity dischurges

In the early 1900’s electrical insulation was made of gum rubber, silk or
cotton and was much more susceptible to breakdown (which causes arcing
between the “‘hot™ wires) than modern thermo-plastics and synthetic rubber
dielectrics. The isolation transformer provided a solution to the arcing
problem.

To understand the operation of isolation transformers, first consider the
normal ac electrical supply in wall reeeptacles in the home, office or
hospital, In modern wiring systems, the clectrical supply is served by branch
circuits containing three wires:

a, The “hot™ or current carrying wire which is at approximately 120 volis
above ground in the United States and Canada. and 240 volts in most of the
rest of the world:

b. the neutral wire carrying the return load current, which is near ground
potential; and

¢. the grounding wire, which is at ground or zero potential. The grounding
wire provides a safe return path for any Jeakage currents originating from the
appliances or other devices supplied by the branch circuit. The assumption is
that ground is connected to the outer case of these devices. This wire also
serves to carrv large “fault” currents if a current carrying part in the
appliance comes in contact with the case, thus preventing the case from
becoming “hot’ with respect to ground. In this type of power circuit, the
amount of current which would flow if the hot wirc contacts a grounded
part of an appliance is limited only by the branch circuit fuse or circuit
breaker.

Thus, in many cases, a current of over 20 amperes is required before the fuse
opens or the circuit is interrupted. If such a fault happened in an operating
room, in the presence of ether lumes, the arc inside the appliance could
cause an explosion.

Now if we add a power line jsolation transformer, as shown schematically in
Figure 12, note that both sides of the branch circuit are isolated from
around, and that either one (line A or B) can be short circuited to ground
without a large current flowing through the connection. In fact, the current
that will flow in a short circuit to ground is limited by the leakage
capacitance in the transtormer and associated wiring. [t is usually no more
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FIGURE 12. Result of Short Circuit With Power Isolation Transformer

than o lew millamperes, not cnough to cause an arc or [ire if the short
occurs inside an appliance in the presence of explosive fumes.

The isolation (ransformer also provides considerable protection against
clectrical shock Lo the operating room personnel. As mentioned earlier, the
operating room staff and all conductive cquipment are grounded to prevent
static discharges. These measures (grounds) have the unfortunate side effect
ol increasing the possibility that if one of (he staff were to contact a live
power wire accidentally he would receive a serious shock. However, through
the use of the isolation transformer. line-to-ground fault currents are limited
to low milliampere values; accidental contact with the power line may result
in a painful but not lethal shock,

Another important point about isolation transformers is worth discussing . 1f
a fault or short circuit occurs from one side of the isolated power
transformer to ground, the power supply of (he monitor is no longer
isolited. If a tault now occurs Itom the other side of the transformer (o
around. the current which would flow is limited only by the resistance of the
two faults in serics and/or the circuit breaker for the power supply to the
transformer. Therefore, it is very important (o have some indication as soon
as the first fault occurs, so that corrective action can be taken immediately
before a second and possibly catastrophic fanl( occurs.

A device known as a Line Isolation Monitor (Figure 13) is now always
included in isolated ac power systems. The Line Isolation Monitors opcerale
by continuously monitoring the impedance of either isoluted power line to
ground. The delector 1s set to (rigger an appropriatc alarm if this impedance
drops below a pre-detenmined level. For many ycars. Line isolation Monitors
in operating rooms in the United States were set to alarm at 25,000 ohms.
Stated another way, as long as (he alarm had not been triggered, one could
be relatively sure that each power line was at least 25000 ohms above
ground. and if cither (but not both lines) were shorted to ground, not more
than 5 milliamperes would How through the fault (assuming 120 voit 60 Hz
system). Experience indicated that 5 milliampere currents were unlikely (o
start Tires, and provide considerable salety 1o (he medical stalt if uecidental
contact to a live power wire happened.
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FIGURE 13. Power Line Isolation Transformer System With Fault Detector

In all practical wiring systems there is always some capacitance between th
wiring on the secondary side of the isolation transformer and ground. Thi
amount of capacitance depends on the length of wiring to receptacles, the
receptacles themsclves. and the type and thickness of insulation on the wire
Each equipment plugged into the isolated system adds more cuapacitance
hetween the isolated power lines and ground, Even with no insulation lailur
in the system. it is conceivable that the total impedance of the isolatec
power wiring to ground may be on the order of several thousand ohms. [
fuct. on occasion, with poorly designed systems and with excessive
capacitance between the building wiring and ground, it is almost impossible
to plug in any equipment to the isolated power system without triggering the
hazard alarm. Very often the result of this annoyance causes someone L«
turn off the hazard alarm which defeats this safeguard. In isolatior
transformer svstems it is extremely important that the capacitance 10 grounc
on the sccondary side be minimized by limiting the length of branch circuit
and using Jow capacitance insulation.

Until recently, the line isolation monitors used in most operating roon
power systems were the “static™ type. They depended on detecting a
unbalance in impedance-to-ground of either isolated power line wire. They
do not detect balanced faults. The increasing use of equipment witl
balanced radio interference filters on input power wiring has resulted in the
mcreasc of” “batanced” faults.

For this reason a better isolation monitor has recently become available
appropriately called a “‘dynamic line isolation monitor.”” The impedance o
cach isolated power line to ground in it is measured alternatcly several time
per second. It can, therefore, detect balanced and unbalanced faults made uj
of any combination of resistive, inductive or capacitive elements, and is nov
recommended for use in new isolation transformer installations,

To understand how the isolation transformer can provide protection to the
patient, consider the following situation. A patient is electrically connectec
between two devices (sce Figure 14). Assume that intentionally or not, the
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FIGURE 14. Single Insulation Failure in {solstion Transformer System

catheter leading (o his heart is connected to the outer case of device A whilc
another part of his body is connected to the case of device B. Further
assume that devices A and B are connected to & common ground point with
wires cach having one ohm of resistance, and that the patient represents
500-1000 ohms of resistance (usually assumed for patient safety calcu-
lations). The power for each device is supplied from an isolation transformer.
which under single fault conditions will limit the carrent flowing in the fault
to Iess than one milliampere.

If a fault now occurs in device B (for example, an insulation breakdown in
the power transformer which allows the live power line to touch the case).
the isolation transformer limits the fault current flowing to one mitliampere,
and because of the 500 to ) ratio between paticnt and ground wire
impedances, 998 microamperes will flow in the ground wire and 2 micro-
amperes will flow through the patient. The isolation monitor would have
alarmed, of course, indicating an equipment failure, and the current through
the patient is limited to a safe value.

Despite its obvious value in managing the fault current problem, one very
important class of failures is not climinated by the isolation transformer
system, 1f a ground wire in a power cord breuks, it will not be recognized by
the isolarion monitor, and if the patient is in the situation shown in Figure
14, he can be in immediate danger. Therefore, it is necessary to consider the
probability of an internal line-to-ground failure in a surrounding equipment,
(a hazard which is managed by an jsolation transformer) and break in a
ground wire (whicly is not managed by an isolation transformer, se¢ Figure
15). A ground wire flailure is more likely to occur than an internal
ling-to-case insulation failure. The ground wire in the power cord from the
device is continually “exercised.” The cord is flexed. casters are rolled over it
and the plug is yanked from the wall, so that the cord or plug is bound to fail
in some manner eventually, il not replaced. [f one of the power conductors
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FIGURE 15. Grounding Wire Failure in Isolation Transformer System

opens, the equipment will not operate, or if they short together. u circuit
breaker or fuse usunally “*blows™ so that the staff is alerted to these failures.
However, a ground wire break would not be detected by the staff since the
cquipment would probably continue to function.

Consider again a paticnt connected to two devices, with the indwelling
electrode attached to the case of device A. and another point on his body
connected to device B. It is common practice for these devices to have radio
frequency interference suppression fitters connected from power line to case;
indicated by C, and Cy in Figure 15, In addition. stray capacitiance between
butlding power wires and ground play an important part in total capacitance
and are indicated by Cg. Now assume that the grounding connection to
device B Lreaks. The leakage corrent that normally flows from B to ground
can now go through (he patient. I Figure 15 is redrawn (Figure 16) it will be
seen that the patient becomes the “sensing element™ in a four-arm bridge
circuit. The amount of curren( flowing through the paticnt is determined by
the relative size of the vartous capacitances, and il C, and Cg arc on the
order of 3000 picofarads and the two capacitors labeled Cy ditTer by (500
picolarads (all recasonable vilues), currents on the order of SO microamperes
will lMow through the patient, clearly an intolerable condition.

[solulion transformers can help to protect the paticnt if devices that ground,
or that are likely to ground. the indwelling clectrode are used for monitoring
paticnt, The patient is nol protected if a grounding connection fails so that
routine inspection and testing of the quality of these connections is a vital
requirement lor patient safety.
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FIGURE 16. Grounding Wire Fzilure in Isolation Transformer System,
Redrawn 1o Show Hazardous Current Flow

We now need to develop some general principles for designing a paticint
environment which ix clectrically sale, cconomical and takes into account
the tvpe ol equipment used Lo treat and monitor the patient,

In previous sections ol the application note we discussed the reasons why
todav’s monitored paticnt is moye susceptable (o shock and presented some
examples of how shock hazards can oceur in typical hospital sitnations, We
also described (wo methods of improving the salety of monitoring systems,
.o (hYy mputisolation ol the monitoring instrumentlation and (2} isolation
of the complete electrical power system. However, the imtal guide tine for
the design and installation ot an clectrically-safe patient monitoring system
starts with an adequate erounding avsten. All metallic. conductive surficees
within reach ol the patent, and ol anyone touching the putient should be al
the sume potential, Such & grounding system is relerred 1o as an
Equipotential Grounding System. It tivs all metallic surfaces in the roam, the
clectric power outiet ground connections. and the metal furnicure 1o one
comnion reference grounding point which is in turn connected to the nornal
hospital clectricul arounding systen.

One method of stalling o grounding system is shown in Figure 17, The
Reterence Ground is a solid metal bar in the power distribution panel used
for terminating ground wires {rom bedside furniture. plumbing. ducts. power
ouwllet ground terminals, and the hospital power grounding svstem. This
power distribution panel ix for one paticnt (ie.. one bed) and must be
Jocated close to (he bed. [T it is not convenient (o bring ground wires from
all necessary points in the patient area 1o this one Reference Ground. the
grounding system can be rearranged as shown i Figure 18, This system is
particularly usefol when the beds are remotely located from the power
gistribution pancl. and when more than one patient is in the same room.,
I-ach bed Jocation is cquipped with a Patient Grounding Point. The ground
terminals rom clectrical outlets for that bed and ground wires from
furniture snd the non-electric bed are connected to the respective Patient
Grounding Point. The Room Ground serves to tie plumbing, partitions.
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window frames and permanent metal building parts together electrically for
the entire room. Al Patient Grounding Points and the Room Ground are in
turn connected to the Reference Ground in the power distribution panel.

The grounding svsiem shown in Figures [7 and 18 provide (he prime
safeguard against accidental clectrical shock to the patient and attending
stalf. To insure the safety of the patient in the event of failure with this Kind
of grounding system requires that all catheters and electrodes applied 1o the
paticat are connected only to isoluted input c¢quipmeitt (see page 16). The
hospital must establish procedures to insure that no equipnent is brought
into the patient arca and connected o the patient which provides a direct
path to ground. Ifurthermore. the hospitai should insure that the external
ends of catheter plumbing, and indwetling electrades are insulated so that
accjdental contiact by the stall will pot yesult in a path (o ground.

[T the patient’s mdwelling clectrodes and catheters can nol be protected
from accidental contact with grounded objects. or iff the patient may be
grounded by the design of the devices attached to him, power line isolation
Dunsformers are justified (see page 19). However.a sround wire break can
still endanger the patient. Therefore the use of isolated inpur equipment,
routine and thorough inspections. and power line isolation transtormers can
achicve o safer environment.

Figure 19 shows a single bed system with a power line isalation transformer.
The illustration s very similar to Figure 17 since the same basic grounding
system is used. A single isolation transformer may be used for more than one
bed as shown in Figure 20. However. the total impedance from either
tloating power line to ground must be no fower than 120,000 ohms with ali
equipment on the isolavion transformer opcerating. or the Line [solation
Monitor will atarm. In a practical sense, with present equipment. and wiring
techniques. the total load on a single isolation transiormer should not exceed
3 KVA. If larger capacity systems are installed. it ix probable that the
line-to~ground impedance of the load. and the larger diameter and longer
wiring will result in line-to-zround impedances of less than 120.000 ohms.
This will usually limit the masimum number ol beds served rom one
translformer o four.,

Several groups concerned with electrical safety i the United States are
presently working on standards for power wiring and equipment used in the
hospital. 11 is expected that by the middle of 1971, the National Fire
Protection Associstion. Underwriters  Laboratories. and  the  American
National Standuards [nstitute will publish their respective standards and that
appropriate changes witl be made in the National Llectrical Code. The
methods described herein for the design of the safe patient environment are
bused on the principles outlined in preliminary documents of” these various
groups which were available at the date of writing this publication.
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