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Norman J. “Jeff” Holter (1914–1983)

Automated systems of patient’s mo-
nitoring are widely used in cardiology,
ranging from electrocardiography (ECG)
recordings to multiparameter monitoring
systems in critical care units. The early
beginnings of ambulatory electrocardio-
graphy monitoring are inseparably con-
nected with its’ inventor Norman Jeff
Holter.

Norman Holter was born on February 1st 1914
in Helena, Montana. In 1931 he graduated from
Carroll College in Montana and started studying at
the University of California in Los Angeles. In 1937
he earned a Master’s degree in physics at the Uni-
versity of California, Los Angeles, and in a year
a Master’s degree in chemistry from the Universi-
ty of Southern California. As he was a very ambi-
tious person he didn’t finish his education at that
point, completing postgraduate work at the Univer-
sity of Heidelberg (Germany), the University of
Chicago, the Oak Ridge Institute of Nuclear Studies,
and the University of Oregon Medical School. He
spent the time during World War II as senior phy-
sicist in the U.S. Navy, working on ocean waves’
characteristics and headed a government research
team testing a bomb at Bikini Atol. He was also in-
volved in another national project with United Sta-
tes Atomic Energy Commission on hydrogen-bomb
in Marshall Island [1]. Although he worked on bomb
testing, he was against uncontrollable use of ato-
mic explosion in military.

In 1947 Holter returned to his home town,
Helena, where he formed foundation dedicated to
public good — Holter Research Foundation (HRF).
His foundation possessed Holter’s own car, labora-
tory and his house. While managing HRF he served
as the president of the Society of Nuclear Medici-
ne (1955–1956) and was a full professor at the Uni-
versity of California in San Diego from 1964. It sho-
uld be emphasized that the term “Nuclear Medici-
ne” to name the specialty dealing with radionuclides
was first suggested by Holter and replaced previo-
usly proposed “Atomic Medicine”, “Isotope Medi-
cine” or “Isotopology” [2].

Holter was a man of many interests including
atomic energy, biophysics, chemistry, music, pho-

tography, and biotelemetry. Among his
discoveries we can mention square rain-
drops, nuclear explosion detectors and
one of the most important inventions in
cardiology: long-term ambulatory ECG
monitoring which is currently known as
“Holter monitoring”. It was in the forties
when Jeff Holter started working with
Joseph Gengerelli on the stimulation of

nerves by alternating electrical fields. His initial in-
terest in the electrical activity of human body led
him to the idea of monitoring heart signals [3, 4].
The first device created by Holter was rather big.
Initially (in 1947) it consisted of two heavy batte-
ries and ECG radio transmitter, weighing together
38 kg (85 pound) which was rather inconvenient to
be worn by a patient (Fig. 1). The technique of the
examination was based on recording and transmit-
ting ambulatory electrocardiograms by radio-elec-
trocardiograph and audiovisual superimposed ECG
presentation, which enabled faster reviewing ECG
data [5, 6]. To become convinced of the usefulness
of the ambulatory ECG in late fifties, Holter con-
ducted research on 200 patients in Great Falls. The
experiment was successful revealing some cases of
exertional angina. The device and technique was
first evaluated in 1961 by both, Norman Jeff Holter
and his coworker — William Glasscock [6]. Besi-
des the weight, it wasn’t free from other limitations,
such as restricted time and range of measurement.
To solve those problems Holter teamed up with
Bruce Del Mar and together they manufactured
smaller device which additionally has the possibili-
ty to high speed review and allowed longer than
24 hour recordings. It all resulted in manufacturing
the first commercial device in 1962 by Del Mar En-
gineering Laboratories under the name Avionics
Research Products Corporation. As the new diagno-
stic method was very popular among scientists and
proved effective by publishing a vast number of
research and clinical findings, by the 1955 it enjoy-
ed a good reputation and was widely accepted by
medical community. The most interesting fact about
the beginnings of the technique of Holter monito-
ring was the fact that faster reviewing of recorded
tracings was conducted with the use of radio, so it
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was read by sound. Smooth humming sound meant
that it was sinus rhythm, whereas choppy sounds
were the markers of ventricular extrasystolic be-
ats. For a detailed look at the fragment of ECG that
“sounded bad”, it had to be stopped and played in
real time. In general, speeding it up saved much
time while recording cardiac activity during longer
periods of time gave the possibility to capture
a wider range of eventual abnormalities [7].

The technique of 24-hour ambulatory monito-
ring of ECG has evolved over the years. The device

enabled to review 24 hour recording in an hour
(it played back fifty times in real times). Develop-
ment in technology resulted in miniaturized porta-
ble tape recorders, speed up, simplified analysis and
increased the number of channels to record and
analysis. Recorders which are available nowadays
support a solid state memory card (PCMCIA), mi-
niaturized hardware, compression software and
sophisticated analytic programs.

Holter monitoring is commonly used in every
cardiology ward all over the world, that entails the
fact that his name is still known from this device
by a few hundred thousand physicians and patients.
Once he said: “When my heart starts skipping,
they’ll have the longest normal base line in histo-
ry” [2]. Among Montana’s people Norman Holter
was claimed to be “Renaissance man”. Because he
always remained dedicated to his state and accor-
ding to his contribution to science, he received ho-
norary doctorate degrees from Carrol College and
Montana State University and there are numerous
landmarks around Helena named after him. In re-
cognition of his contributions to medical technolo-
gy, in 1979 he was awarded with the Association
for the Advancement of Medical Instrumentation
Foundation Laufman-Greatbatch Prize.
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Figure 1. The original Holter device from 1947, weighing
38 kg.


