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Summary    A comparative analysis of available clinical EKG telemetry systems was
conducted. Although present day electrocardiogram diagnosis requires a high degree of
measurement accuracy, there exists wide variations in the performance characteristics of
the various telemeters marketed today necessitating careful consideration of
specifications prior to procurement. The authors have endeavored to provide the
physicians with a clear understanding, in terms of the effects on the electrocardiogram,
of the factors he must evaluate in order to ensure high fidelity EKG reproduction. A
tabulation of comparative parameter values for each unit obtained from manufacturers’
specifications and substantiated by standardized performance tests conducted in our
laboratory is presented.

Introduction    The use of radio telemetry for the purpose of monitoring physiological
signals is playing a rapidly increasing role in clinical as well as research applications.
Greatest clinical application to date has been the monitoring of the electrocardiogram
during intensive care, coronary care, and recovery. There are two principal benefits
derived from the use of telemetry rather than conventional hard wire techniques. First,
since the EKG telemeter, containing amplifier, modulator, and transmitter is worn by the
patient, continuous remote monitoring is accomplished while the patient is allowed to
ambulate, free from the restraint of fixed cables. Second, the required source of electrical
energy is isolated from other instrumentation, thereby minimizing the hazard of electrical
shock.

A large number of firms are presently marketing EKG telemeters. Although present day
diagnosis, particularly with the advent of computer analysis, requires a high degree of
measurement accuracy, there are wide variations in the characteristics of the various



EKG telemeters available today; variations so severe, that the shape of the
electrocardiogram may be significantly modified by the characteristics of the
instrumentation used. The task of selecting a telemeter for a particular application is
compounded not only by the physician’s unfamiliarity with electronics, but also by the
marketing and sales strategies employed by several manufacturers and their
representatives.1 Nevertheless, the importance of the performance specifications must
not be underestimated and should be carefully considered prior to procurement.

It is the purpose of this paper to provide the physician with a clear understanding of the
factors he must evaluate. Emphasis is placed on an explanation, in terms of the effects on
the electrocardiogram, of those parameters most important in obtaining high fidelity
EKG reproduction. The authors have tabulated comparative parameter values obtained
from manufacturers’ specifications and from standardized performance tests conducted
in our laboratory on units supplied by the manufacturer.

Performance Requirements    The performance requirements of the telemetry module
as set forth in this section are based upon the acquisition of diagnostic quality data as
defined by the American Heart Association recommendations.2 Although many
manufacturers suggest that their instrumentation should be primarily used for heart rate
monitoring rather than diagnostic data acquisition, essentially all companies make
available a central receiving station were telemetered data is processed and displayed on
oscilloscopes and chart recorders. The authors feel that data presented in this manner
will be used for diagnostics and should be worthy of such use.

Input Impedance    The input impedance of the telemeter may be thought of as the total
opposition of the device to the flow of current between the two input electrodes. In the
monitoring of EKG and other biopotentials, it is necessary to make the input impedance
of the telemeter many times greater than the impedance of the skin-electrode interface in
order to minimize current flow and prevent attenuation (“loading”) of the biopotential.
One of the significant sources of error in electrocardiographic monitoring is due to the
high and often unpredictable impedance existing at the skin-electrode interface, referred
to as source impedance. Preparation of the skin and the use of electrolytic paste with
conventional EKG electrodes are designed to minimize and stabilize the source
impedance. Despite careful attention to skin preparation and paste-electrode application,
source impedances vary from a few hundred ohms to several hundred kilohms, being a
function of electrode surface area, frequency of the signal, time after electrode
application, skin preparation technique, electrode paste characteristics, perspiration, and
temperatures It is frequently assumed that if loading does occur, it is purely resistive,
resulting in merely a loss of amplitude; however, real electrodes have a capacitive
element as well as resistive, and when the input impedance of the telemetric monitoring
device is insufficient, not only does a loss of amplitude occur, but waveform distortion.



** The frequency limits specified are 3 dB points. This is the frequency at which the gain of the
instrument is .707 of its maximum gain.

Insufficient input impedance causes P and T wave changes and a shift in the level of the
S-T segment, all of which are clinically significant.4 If electrodes are applied properly
and changed daily, one could conservatively expect a source impedance of under 100
kilohms; hence, an input impedance of 10 megohms would introduce a maximum error
of I percent. If longer term monitoring (3-5 days) is desired without electrode
replacement, an input impedance of at least 30 megohms is required to maintain the same
accuracy.

Frequency Response (Bandwidth)    The frequency response of an instrument is a
measure of its gain as a function of the frequency of a sinusoidal input signal. High
frequency response is the measure of the instrument’s ability to accurately reproduce fast
moving components such as the R and S waves whereas low frequency response is a
measure of the instruments ability to reproduce slowly moving components such as the P
and T waves. It is generally accepted that the low frequency response of instruments
used in electrocardiology be somewhat above direct coupling (0 Hz) because of the
presence of slowly varying bias potentials. Therefore a compromise in low frequency
capability must be made which will produce a stable baseline yet preserve the shape of
the EKG. High frequency response is also limited in order to reduce system noise by
attenuating frequencies above that of interest. Frequency spectrum analysis of the
electrocardiogram has shown that less than 4 percent of the frequency components in the
EKG are above 100 Hz.

Insufficient low frequency response inserts S-T segment depressions and Post-T sags, the
onset of error occurring at approximately 0.076 Hz. High frequency response inadequacy
causes attenuation of the R and S waves by different factors, the onset of error occurring
at approximately 190 Hz.

For example, with an upper frequency response of 40 Hz,** the attenuation of the R wave
is 8 percent and that of the S wave is 35 percent. Thus, whenever the RS ratio is a matter
of interest, there is a great premium on the frequency response of the instrumentation.5

Common Mode Rejection Ratio    Common mode rejection is a measure of the
amplifier’s ability to reject extraneous noise that is common to both differential input
electrodes. It is defined as the differential gain divided by the common mode gain
(applicable as defined only to differential amplifiers). To distinguish the
electrocardiogram from common mode noise, balanced or differential amplifiers are
often used. The background noise is then common to both differential inputs, provided
the electrodes are not too widely separated, and the common mode signal and desired
differential signal are discriminated and separated by the amplifier.6 The required



specification for this parameter of course depends upon the extent of noise present in the
monitoring environment. In our experience in such environments as hyperbaric
chambers, dialysis treatment centers, surgery rooms, general hospital rooms, and
coronary care units, we found that a common mode rejection ratio of 80 dB or above was
adequate.

The effect of inadequate common mode rejection is the presence of noise, generally at
the power line frequency, superimposed on the EKG.

Noise    Noise refers to unwanted “signals” and may be considered in two separate
classes; noise at the measurement source and noise introduced by data transmission.
Noise at the source is caused by (1) environmental conditions such as electromagnetic
radiation and electrostatic radiation; (2) body artifacts including muscle contractions,
electrode movements on the skin and electrochemical potentials, and (3) instrument
noise due to self-generated noise within the biotelemeter. Data transmission noise is
primarily caused by (1) propagation noise resulting from thermal noise of the earth and
atmosphere, cosmic noise, and radio frequency interference; and (2) the receiver’s RF
amplifier internal noise.7 Body artifact noise may be somewhat reduced by judicious
electrode selection and application techniques; however the extent of the noise present
on the electrocardiogram is otherwise controlled by the monitoring environment and the
telemeter-receiver used. The American Heart Association recommends that the total
system noise be less than 28 microvolts, peak-to-peak, referred to input when simulating
the subject by means of placing a 25 kilohm resistor between each patient lead and
ground.

Input Bias Current    With the advanced instrumentation now available to hospitals, it
is common to have electrical contacts made inside the body where fluid electrolytes
substantially reduce resistance to current flow and leakage currents may pass directly to
the heart. Furthermore, not only is the resistance to current flow reduced by internal
electrodes, but the current levels deemed hazardous are much smaller than externally
applied levels. Investigators at Duke University have shown that a current as small as 20
microamps flowing between the right and left ventricles in the hearts of dogs can cause
ventricular fibrillation.8  There are good reasons to believe that the fibrillatory currents in
humans may be similar. Of the many groups concerned with patient safety, most believe
that current passing internally through the patient should be limited to less than 10
microamps.9



*** The authors have been informed by the respective companies that the American Optical
Corporation unit is manufactured by Hamilton Standard and the Electrodyne unit is manufactured
by Laser Systems Inc., and furthermore, that a test of both units would be redundant. Only one of
the two units was tested in each case, however, the manufacturers concerned have been separated
in the test result tabulations in order to reflect any differences in their published specifications.

Test Results    Standardized performance tests were conducted on one unit supplied by
each of the following manufacturers.***

TABLE I - PARTICIPATING MANUFACTURERS

Manufacturer Model Designation

American Optical Corp.
Avionics Research Products
Care Electronics Inc.
Electrodyne
EKEG Electronics Co., Ltd.
Hamilton Standard
Hewlett Packard Co.1

Laser Systems & Electronics Inc.
Mennen-Greatbatch Electronics Inc.
Spacelabs Inc.

261040
Electrocardiocaster 2610
Care III
TEL-1
K681
RKGII
78101A
Telemaster 519
919/T
6000

1 Hewlett Packard Company’s unit tested was an engineering prototype.

Although it was attempted to include all known manufacturers in this report, those
manufacturers who did not make a unit available for test were excluded since, as the
results of this section dictates, published specifications could not be treated in the same
manner as test results. Those manufacturers not offering a unit for test are shown in
Table II.

TABLE II - NONPARTICIPATING MANUFACTURERS

Manufacturer Stated Cause for Nonavailability
of Unit for Test Purposes

Abbott Medical Electronics Co. New unit - not released for marketing as of June 15, 1971.

Bio-Sentry Telemetry Inc. Unit no longer being marketed for clinical applications.

Dallons Instruments New unit - not released for marketing as of June 15, 1971.

Electronics for Medicine Inc. New unit being redesigned to meet FCC requirements, not
released for marketing as of June 15, 1971.

Lexington Instruments Corp. None.

Litton Medical Projects Inc. None.



Siemens Corp. Unit not marketed in U.S.A. as of June 15, 1971.

Statham Instruments Inc. New unit - not released for marketing as of June 15, 1971. Old
unit not available since it will be superceded by new one.

The authors are aware that a test of a single unit has very little statistical significance
with respect to the performance characteristics of the remainder of the product line,
however, the test results do lead to meaningful conclusions concerning necessary
safeguards one should undertake prior to acceptance of purchased instrumentation.

The tested parameters are tabulated, wherever applicable, in the order of test result
performance with published specifications included for reference. Also included in the
tabulations is the American Heart Association recommendations. Test procedures have
been omitted in order to facilitate access to the results, however, the measurement
accuracy of each parameter is given.

TABLE III
 INPUT IMPEDANCE (INPUT SIGNAL = 1 mV p-p, at 10 Hz)

Manufacturer Test Results
MS ±10%

Published Specification
MS

Mennen-Greatbatch Elect. Inc.
American Heart Assoc. Recom.
Hewlett Packard Co.
Care Electronics Inc.
Laser Systems & Elect. Inc.
Electrodyne
EKEG Elect. Co. Ltd.
Spacelabs Inc.
Avionics
Hamilton Standard
American Optical Corp.

25 differential

16 differential
7.7 differential
5.0 single ended
5.0 single ended
1.1 single ended
0.93 single ended
0.35 single ended
0.31 single ended
0.31 single ended

20
20
10
10

5.0
        Not published

1.0
1.0
0.39
0.25
0.25



TABLE IV
 INPUT IMPEDANCE (INPUT SIGNAL = 1 mV p-p, at 60 Hz)

Manufacturer Test Results
MS ±10%

Published Specification
MS

American Heart Assoc. Recom.
Hewlett Packard Co.
Laser Systems & Elect. Inc.
Electrodyne
Mennen-Greatbatch Elect. Inc.
Care Electronics Inc.
EKEG Elect. Co. Ltd.
Spacelabs Inc.
Avionics
Hamilton Standard
American Optical Corp.

16 differential
7.1 differential
7.1 single ended
4.4 single ended
4.0 single ended
1.1 single ended
0.80 single ended
Not tested
0.14 single ended
0.14 single ended

20
20

5.0
     Not published

20
10

1.0
1.0
0.39
0.25

     Not published

TABLE V - SYSTEM FREQUENCY RESPONSE (3 dB POINTS)

Manufacturer Test Results
(Hz ±5%)

Published Specification
Hz

Mennen-Greatbatch Elect. Inc.
Hamilton Standard
American Optical Corp.
American Heart Assoc. Recom.
Laser Systems & Elect. Inc.
Electrodyne
Avionics
Care Electronics Inc.
EKEG Elect. Co. Ltd.
Hewlett Packard Co.

Spacelabs Inc.

.043 - 125

.05 - 115

.05 - 115

.086 - 135

.086 - 135

.03 - 81

.16 - 120
0.5 - 7,200
0.25 - 34

1.0 - 22.6

.05 - 100

.08 - 100

.08 - 100

.05 - 100

.08 - 180
0.1 - 100

.05 - 100

.2 - 125
0.5 - 10,000

.33 - 50

.05 - 100 also avail.
1.0 - 50.0 standard

.08 - 125 optional



*  This parameter is applicable only to differential amplifiers. Those manufacturers using single
ended amplifiers are therefore excluded from this tabulation.

TABLE VI
COMMON MODE REJECTION RATIO* (Input Signal = 1 mV p-p, at 60 Hz)

Manufacturer Test Results
(dB ±10%)

Published Specification
dB

Mennen-Greatbatch Elect. Inc.
Care Electronics Inc.
American Heart Assoc. Recom.
Hewlett Packard Co.

> 100
     69

     54

70 minimum
60 minimum
60

      Not published

TABLE VII - SYSTEM NOISE
(Subject simulated by means of placing a 10 kilohm
resistor between each patient lead and ground)

Manufacturer Test Results
(FV p-p referred
 to input ±10%)

Published Specification
(FV p-p referred to

input)

Laser Systems & Elect. Inc.
Electrodyne
Mennen-Greatbatch Elect. Inc.
Spacelabs Inc.
Hewlett Packard Co.
Care Electronics Inc.
EKEG Elect. Co. Ltd.
American Heart Assoc. Recom.
Avionics
Hamilton Standard
American Optical Corp.

8
8

16
17
19
20
25

40
110
110

10
10
15
20
28.3
20
10

28.3 - 25 kS source imped.
50
25
25



TABLE VIII - INPUT BIAS CURRENT
(Worse case including turnon transients)

Manufacturer Test Results
(namps ±5%)

Published Specification
namps

Mennen-Greatbatch Elect. Inc.
Laser Systems & Elect. Inc.
Electrodyne
EKEG Elect. Co. Ltd.
Hamilton Standard
American Optical Corp.
Care Electronics Inc.
Avionics
Hewlett Packard Co.
American Heart Assoc. Recom.

4.2
6.6
6.6
8.9
9.0
9.0

100
240
600

Not Published
Not Published
Not Published
Not Published
Not Published
Not Published
Not Published
Not Published
Not Published

1000

TABLE IX - MAXIMUM INPUT SIGNAL
(At onset of distortion)

Manufacturer Test Results
(mV p-p ±5%

Published Specification
(mV p-p)

Avionics
Hewlett Packard Co.
American Heart Assoc. Recom.
Mennen-Greatbatch Elect. Inc.
Laser Systems & Elect. Inc.
Electrodyne
Hamilton Standard
American Optical Corp.
Spacelabs Inc.
EKEG Elect. Co. Ltd.
Care Electronics Inc.

25
10

9.0
7.8
7.8
6.3
6.3
6.0
5.6
5.0

10
10
10

6
5
5
8
8
6
5
5



TABLE X - DIMENSIONS, VOLUME

Manufacturer

Test Results
Dimensions Volume  Volume

(in ±.05 in)               (in3)

Published Specification
Volume     Dimensions

(in3)              (in)

Avionics
EKEG Elect. Co. Ltd.
Laser Systems & Elect. Inc.
Electrodyne
Spacelabs Inc.
Mennen-Greatbatch Elect. Inc.
Hewlett Packard Co.
Hamilton Standard
American Optical Corp.
Care Electronics Inc.

0.88x1.72 dia.
0.75x2.00x1.50 
0.75x2.10xl.90
0.75x2.l0x1.90
0.94x4.75x2.44
1.00x4.60x2.50
0.89x5.00x2.80
1.00x5.l3x3.38 
1.00x513x3.38 
0.94x6.9x3.31

2.04
2.25
2.99
2.99
10.9
11.5
12.5
17.3
17.3
19.3

1.55
2.25
3.52
3.38
9.15
9.9
12.0
17.3
15.0
13.9 

0.75xl.63 dia.
0.75x2.00x1.50
0.80x2.20x2.00
0.75x2.25x2.00
0.88x4.75x2.19
0.88x4.50x2.50
0.89x4.80x2.80
l.00x5.13x3.38
3.00x5.00x1.00
0.88x5.5x2.88

TABLE XI - WEIGHT (Including Batteries)

Manufacturer Test Results
(Ounces ±0.5%)

Published Specification
(Ounces)

EKEG Elect. Co. Ltd.
Avionics
Laser Systems & Elect. Inc.
Electrodyne
Spacelabs Inc.
Hewlett Packard Co.
Mennen-Greatbatch Elect. Inc.
Hamilton Standard
American Optical Corp.
Care Electronics Inc.

1.2
2.1
3.8
3.8
6.3
9.4
9.9

10.0
10.0
18.0

1.1
2.1
4.0

    Not Published
8.0
9.5

10.4
10.6
10.0
11.0



TABLE XII - BATTERY LIFE, CONTINUOUS OPERATION
(Based upon 70% of respective battery’s rated capacity

and a current drain at maximum supply voltage)

Manufacturer Test
Results

Publ.
Spec.

Rated
Supply
Voltage

Current
Drain At

Rated
Supply V

Battery 
Used

Spacelabs Inc.
Avionics
Laser Systems & Elect. Inc.
Electrodyne
Mennen-Greatbatch Elect. Inc.
Hewlett Packard Co.
Care Electronics Inc.
Hamilton Standard
American Optical Corp.
EKEG Elect. Co. Ltd.

171
135
100
100
82
73
43
34
34
27

168
250
240
120
96
72
60
72
80
26

8.4
2.7
8.4
8.4

±8.4
8.4

16.2
18.0
18.0
6.0

2.35
1.30
4.00
4.00
4.9
5.5

15.0
8.3
8.3
2.70

TR146X
TR112R
TR146X
TRI46X
2-TR146X
TRI46X
E136N
2-F216
2-E216
S41E

TABLE XIII
OPERATION FREQUENCY/MODULATION TECHNIQUE/TRANSMITTER

FREQUENCY TEMPERATURE DRIFT

Manufacturer Operating
Frequency

(MHz)

Transmission
Technique

Transmitter
Temperature

Drift (less
than 50
ppm/EC

Hewlett Packard Co.
Care Electronics Inc.
Spacelabs Inc.
Laser Systems & Elect. Inc.
Electrodyne
Mennen-Greatbatch Elect. Inc.
Hamilton Standard
American Optical Corp.
Avionics
EKEG Elect. Co. Ltd.

450 - 470
216 - 260
216 - 260
160 - 163
160 - 163
155 - 162
150 - 160
150 - 160

88 - 108
88 - 108

FM/FM
PCM/FM
FM/FM
FM/FM
FM/FM
FM/FM
FM/FM
FM/FM
FM/FM

Direct FM

Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No



Conclusions    (1) Wide variations exist in the performance characteristics among
commercially available EKG telemeters necessitating careful consideration of performance
specifications prior to procurement.

(2) None of the available telemeters meet all of the American Heart Association’s
recommendations. Compromises must be made consistent with individual application
requirements.

(3) Test results and published specifications in many cases are not in agreement. It is
strongly suggested that all units purchased be tested either in-house or by an independent
laboratory to substantiate performance characteristics prior to acceptance.

(4) Recent advancements in the field of semiconductors now make it possible to develop
systems which meet all of the American Heart Association’s recommendations. Only the
consumer, through judicious selection of instrumentation, can exert the necessary pressure
to effect such development.
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