BY HECTOR FRENCH

ANY VISITORS to today’s hospitals ex-

press some degree of surprise ut how
much electronic equipmont is used bv the
medical profession in diagnosing illnesses
and caring for patients. In spite of the pop-
ular medical TV shows with their science-
fiction-like sets, the visitor is unprepared for
the sights he will encounter in a really
modern hospital.

It is not uncommon to find patients all
over the wards wired up to some tvpe of
electronic instrument—from oscilloscopes to
voltmeters to recorders to computers. For
some patients and visitors, seeing all this
electronic gear in use conjures up thoughts
of shock hazards.

At one time, when electronics first in-
vaded the precinets of medicine, there was
a very real danger of shock hazard to the
patient on whom the new equipment was
used. But this is hardly the case now. For
vears, medical engineers and scientists have
been working on electrical safety for the
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patient. Th(‘y are designing electronic equip-
ment that is hundreds of times safer than
the so-called safe appliances you use every
dav at home.

How much Leakage? In medical elec-

Fig. 1. Body must be grounded when
connected to instrument to eliminate
interference due to antenna effect.
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tronic (*(im"pment used on patients, current
leakage is extremely important. All electrical
and electronic cquipment has leakage cur-
rent, and medical equipment is no excep-
tion. So, the first question the designers
had to ask was: How much leakage cur-
rent is too much?

If the patient gets any sensation from the
current it is too much. Considering that the
minute he is connected to the equipment
he begins to WOITy, vou can imagine how
much more worried the patient will be if
he feels even the slightest tingle.

Oune has only to look at the effects various
current levels have on the human bodyv. At
1 milliampcre through the intact, unbroken
skin, the patient will probably feel a very
slight tingle. At 10 milliamperes, he will in
all likelihood think someonc is trying to
electrocute him. If the current is increased
to 100 mA, then there is a good chance
that the patient will actually be electro-
cuted.
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Fig. 2. Grounding both patient and
instrument is not as safe as expected.

If the patient is in heart surgery, there
is the possibility that the leakage current
might flow directly to the ultra-sensitive
heart tissue itself, where as little as a few
hundred microamperes can be lethal. This
tiny current is almost 1000 times smaller
than a  possible lethal dosage applied
through the skin.

The engineer who designs medical elec-
tronic equipment and the hospital personnel
using it must guard against any instrument
or combination of instruments that would
allow the current through the patient’s body
to approach 100 microamperes.

Grounding the Patient. Another problem
is that of grounding the patient. Grounding
Is necessary because the patient’s body acts
like an antenna, picking up electrical in-
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Fig. 3. Ungrounding patient eliminates
body current path, but antenna ef-
fect returns, making readings useless.

terference that can completely mask  the
signals the doctor is looking for. Connecting
the patient to ground stops the “antenna”
effect.

With the patient connected to a suitable
ground and to some tvpe of medical in-
strument as shown in Fig. 1, all of the
leakage current from the instrument passes
through the patient’s body. This is an ob-
viously unsafe situation. The answer would
appear to be to ground the instrument as
well as the patient as in Fig. 2.

Now. most of the current flows harm-
lessly to ground, leaving only a very small
amount to pass through the patient’s body.
But closer inspection reveals that this setup
is not safe either. The circuit to ground
through the patient’s body is still there.
carrying a small current. Ordinuri]y, this
current would be too small for concern, but
if the instrument’s ground should become
defective, the entire leakage current will
pass right through the patient’s body once
again!

Another potential hazard is that the in-
strument connected to the patient can fail
and pump many hundreds of times the

Fig. 4. Feedback amplifier places pa-
tient’s body at ground potential with-
out danger of physical connection.
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Fig. 5. Even with feedback amplifier,
patient is in danger of shock when
more than one instrument is used.

ordinary leakage current to the patient. If
the p‘ltlent were in heart surgerv at the
time, only a few hundred microamperes
could spdl disaster.

It is clear that grounding the patient and
the instrument is not the answer for up-to-
date hospital safety. W hat is needed is some
method of oper atm(r the instrument without
having to ground thc patient at all as in
Fig. 3. l]ns arrangement eliminates the path
to ground t]u()u(fh the patient’s body so that
he would be (()mpletvly protected against
leakage from the instrument.

A Better Way. There is one big drawback
to the arrangement shown in Tig. 3. Tt will
not work! Remember that if the patient is
not grounded, his body acts like an antenna
and picks up interference. To make  this
sctup practical. the patient’s body must he
brought to ground potential without actual-
Iv connecting him to ground.

There is nothing tricky in this. As shown
in Fig. 4. it is accomplished by adding a
“bucking-ont”  feedback amplifier.  Built
right into the instrument, this amplifier adds
just the 11g|1t amount of voltage to bring
the patient’s bodv to ground p()tentml \\lth—
out a phyvsicul connection to ground. In this
manner, the instrument is plevcnt(d from
sending anv leakage current through the
patient, and there is no interference from
the antenna cffect.

For ultimate safetv. however, even this
svstem may not be enough. While the pa-
tient is protected well enough when there
is onlv one instrument, two or more in-
struments (sce Fig. 5) complicate matters
enormously. The ]ozlkuge current from in-
strument No. 2 still flows through the pa-
tient’s bodv to ground. And while not
grounding the patient with one instrument
may be a solution, there is a greater pos-
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sibility of failure with two or more instyu-
ments. Although the possibility of fuilurc
may be wmote if it can happen at all,
saf(*t\ -oriented  design must  guard dmlmst
it.

High-Isolation Inputs. There is a solution.
using “high-isolation” inputs, that provides
state of- t]lo art patient safetv. Built into the
medical electronic instruments, the isolation
circuits are so effective that their action is
measured in terms of the many megohms
of ls()l(mng_‘ resistance  that thev appear to
insert between the instruments and the pa-
tient. In many instruments, 30 m(‘g()lnns is
a common value-

Even if the ground circuit is defective
(sec Fig. 6), this isolation protects the pa-
tient with any number of instruments con-
nected. I, for example, instrument No. 2
should develop a defective ground, there
will still be a leakage current through the
patient. but the isolation is so great that
the leakage current is limited to a wide

margin of safetv. It is so low, in fact, that
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Fig. 6. Safest hookup is shown here.
In addition to amplifier, current-lim-
iting high-isolation inputs are used.

of such instruments being
used at the same time during open-heart
surgerv will not provide cause for alarm.

\()ll might be wondering abont the “hu-
man cerror” involved in the use of medical
clectronic equipment. This is understand-
able. But. again. there is little canse for
durm:  hospital stadl personnel are well
trained in the handling and use of anv
equipment designed for diagnostic and/or
paticnt monitoring purposes.

The next time vou are ina hospital,
cither as a visitor or as a patient, vou can
lav to rest anv fears vou might have with
reference to shock hazard. E\elvtlumr pos-
sible—medical expertise, engineering l\nm\-
how. and hospital safety experience—are on
the side of the patient. @
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How Much Current Is Fatal?

THE FOLLOWING information, supplied
by Tektronics Inc., is something we feel
should be read and understood by all clec-
tronics  experimenters, technicians, humsz
and engineers, regardless of what area of
electronics or electrical work thev are in.

Unfortunately, most of us think that a
shock of 10 kV would be more deadly than
one of 100 volts. This is not so. People have
been electrocuted by ordinary 117-volt ap-
pliances and by voltages as low as 42 volts
dc! The real measure of the degree of shock
is not the voltage applied, but the amount
of current forced through the body—and
that need not be very much.

While any amount of current over 10 mA
is capable of producing a painful to a severe
shock (as shown in the chart), current be-
tween 100 and 200 mA can be considered
lethal. Currents above 200 mA, while pro-
ducing severe burns and unconsciousness,
do not usually causc death if the victim is
given immediate resuscitation (artificial res-
piration).

V()ltuge is not a consideration; it is im-
portant only because its level and the body
resistance between the points of contact de-
termine how much current flows. Since re-
sistance varies greatly, it is impossible to
predict a dangerous voltage. The resistance
may vary from 1000 ohms for wet skin to
over 500,000 ohms for dry skin—remember-
ing that the resistance from point to point
under the skin may be only a few hundred
ohms. Also remember that the contact re-
sistance decreases with time and the fatal
current may be reached rapidly.

As shown on the chart, a current as low
as 20 mA is very dangerous and painful,
and the victim can’t let go of the circuit. As
the current approaches 100 mA, ventricular
fibrillation of the heart usually occurs.
Above 200 mA, the muscular contractions
are so severe that the heart is often forcibly
clamped during the shock. This clamping
sometimes protects the heart from going
into ventricular fibrillation and the victim’s
chances for survival are good.

Now, what lesson can we learn from all
of this? First, regard all voltage sources
(even some batteries) as potential killers.
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When working around eleetrical equipment
make sure vou know where vou are with re-
spect to the voltage source. Don’t lunge
after tallen tools. Kill all power before div-
ing into circuits. Don’t work when vou are
mentally or physically fatigued. Keep one
hand in your pocket when investigating live
electrical equipment. Be particularlv ol-
servant of what vou are standing on—don’t
work on a metal foor, damp concrete, or
any other well-grounded surface. Don’t han-
dle clectrical  equipment  while wearing
damp clothing—particularly shoes—or when
the skin is wet from wuater or perspiration.

In the event of an accident, cither cut the
\'()]tuge or get the victim away from his con-
tact—using some form of insulation to do the
job or you will get caught too. If the victing
is unconscious and has stopped l)rvuthing‘
start artificial respiration at once. Do not
stop until proper medical aid has arrived. @

I’'s not the voltage that causes the
big problems, but the current level
being driven through body tissues.
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