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Holter technology has endured for more than 40 years, and proven to be a valuable adjunctive non-
invasive diagnostic technology to record the ambulatory or long-term electrocardiogram in the study
of living creatures. During this span of time, many scientists, physicians, and innovators contributed
to the development and evolution of Holter technology. This essay seeks to document a view of the
history and evolution of the technology during that time, and concomitantly give recognition to the

scientists, physicians, and engineers who contributed so greatly.

A.N.E. 2006;11(1):85-94

Holter technology; Jeffrey Holter; Bruce Del Mar

Like many achievements in life, the seminal be-
ginnings of an advance in science or technology
are often lost with the passage of time. Neverthe-
less, it is important for scientists, engineers, physi-
cians, and clinicians to reflect on the development
of Holter technology and multiple individuals who
contributed to the technology, per se, as we know
it. This is not an easy task, and by definition will
be limited to the resources available to recall these
events. The author recognizes that many "unknown
scientists” undoubtedly lived and contributed ob-
servations to the development of Holter electrocar-
diography, both the medical science and the tech-
nology ... their memory and contribution lost in
the fading candle of time. However, we should at-
tempt to see and remember what Longfellow as-
serted "...great men leave behind them footprints
in the sands of time.” In the author’'s view, more
often than not in the field of science, those foot-
prints were unquestionably formed by strong boots
of supportive coworkers surrounding them ... this
was the case for Holter technology.

THE SCIENTISTS AND PHYSICIANS

Whereas the serendipitous discovery of electri-
cal activity from the cardiac muscle occurred in

1856 by Kolliker and Muller! working on the frog
gastrocnemius muscle, it was Augustus Waller, us-
ing a Lippman capillary electrometer, who first re-
ported the electrical deflections of a human heart.?
The fact that Willem Einthoven, unequivocally re-
garded as the "Father of Electrocardiography,” was
influenced by his good friend, Augustus Waller, is
not to be forgotten, as was the work and contri-
butions of his laboratory assistant Van der Woerd
and countless trainees who sought this new science
(e.g., Sir Thomas Lewis, George E Fahr, and oth-
ers). This boot of support around the giant foot of
Einthoven spawned the evolution of the electrocar-
diographic technology. Einthoven's introduction of
the silver-coated quartz single strand galvanome-
ter announced as um nouveau galvanometer in 1901°
was followed by a host of subsequent scientific and
technological development.

The similarities between Willem Einthoven and
Norman Jefferis Holter are more apparent than
their differences. Although Einthoven received his
medical degree in 1885, his interest in record-
ing electrical potentials from the heart emanated
from his teacher Donders of the University of
Utrecht.* This interest led to his accepting a po-
sition as a physiologist at the University of Leiden
in 1886, where his work progressed from the frog
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gastrocnemius muscle to the string galvanometer.*
Holter similarly was drawn to work with the frog
muscle as an assistant to Dr. Lawrence Detrick at
the University of California, Los Angeles.® Holter
did not receive a medical degree but received a
masters degree in physics (University of California,
Los Angeles) and chemistry (University of South-
ern California) and in 1939 began working with
Joseph A. Gengerelli, Ph.D., on the idea of stim-
ulating a frog nerve and muscle without touching
it directly by mechanical or electrical means.® This
seminal interest of Jeff Holter to study the electri-
cal activity of humans "without touching” them in
their daily activities is what spawned his life pur-
suit and contributions to Holter technology. This
interest arose from the appreciation that electrical
fields surrounded nerve conduction.® With the evo-
lution of technology over a 20-year period and the
assistance of coworkers ...Gengerelli, Holter, and
Glasscock established the field of biomagnetics.®™8
Holter was then delayed by World War II, serving
as a physicist in the U.S. Navy Bureau of Ships, but
returned to his hometown of Helena, Montana in
1947, and continued his work with Gengerelli. Al-
though their early efforts were directed at the brain
waves of rats, it was a visit from the famous car-
diologist, Dr. Paul Dudley White, which convinced
Holter to focus on recording electrical activity from
the heart. As Holter expressed in a conference at-
tended by the author "the voltage was ten times
greater (in the heart) which made the electronics
easier” and through White's influence, Holter real-
ized that heart disease was the leading public health
problem of his day.? Subsequently, Holter and Gen-
gerelli recorded the first broadcast of an electro-
cardiogram with an 85-pound backpack transmit-
ter during exercise’ (Fig. 1). This vacumn-tubed
radioelectrocardiograph evolved into smaller com-
ponents with the invention of the transistor and
took the form of a small portable transmitter and
antenna connected to body surface electrodes and a
portable self-powered receiver-recorder that could
be carried to record long-term electrocardiographic
records on magnetic tape.!® Subsequent innovation
led to better transistors, and Holter and Glasscock
subsequently developed the miniaturized Holter
tape recorder with its playback Audio-Visual Su-
perimposed ECG Presentation methodology to in-
terpret the tape.!! During this period of early devel-
opment, Holter interacted with Dr. Eliot Corday of
Los Angeles as to the practicality of his observa-
tions.!? Corday in the Cedars of Lebanon Hospital

Holter Technology

Figure 1. (A) Radiotransmitter in the form of an 85-
pound backpack whose signal was carried a distance of
one block.

(currently the Cedars-Sinai Hospital of Los Ange-
les) had spent several years studying the effects of
elusive pathophysiological events, which included
transient insufficiency states including myocardial
ischemia, and was quick to embrace the technology
to record his observations.!?13 Corday collaborated
with Holter's team of investigators and was an early
physician promoter of the technology to both indus-
try and other physicians. Whereas the first report
of a clinical patient’'s Holter recording was by radio-
electrocardiography in 1954,*15 its introduction to
the medical community at large was to occur via the
innovation of industry when Holter gave his inven-
tion to Bruce Del Mar and the Avionics Research
Products Corporation for clinical development.
Early physician users of the 1960s included S.
Bellet, Eliot Corday, John Gilson, H.K. Heller-
stein, Lawrence Hinkle, E. Goldberger, Bernard
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Figure 2. Time trend developments of Holter technology.

Tabatznik, Herbert Semler, D.G. Julian, J.M. Martt,
Charles Freidberg, Selvyn Bleifer, Shlomo Stern,
and many others too numerous to mention. These
latter physicians were the boot of support that Jeff
Holter worked with to establish the importance of
this clinical diagnostic tool. Neither Einthoven nor
Holter personally financially profited from the in-
dustrial growth and explosion of their technologies
and its ensuing wealth, although Einthoven was
duly recognized by the scientific community in re-
ceiving the Nobel Prize in 1924. It is memorable
to have known personally the modest lifestyle that
Jeff Holter lived, and the continuing struggle that
he endured to pursue his scientific endeavors in
Helena, Montana. It is unquestionable that Jefferis
Holter is the physician's "Father of Ambulatory
or Long-term Electrocardiography” whether it oc-
curred through radioelectrocardiography, teleme-
try, or recording and that "footprint in the sand of
time” bears remembering.

THE TECHNOLOGY AND
INNOVATORS

Unlike most medical discoveries, which receive
continuing genesis from further scientific expan-
sion by other scientists or physicians, Holter tech-
nology expanded and grew upon the continuous in-
novation of manufacturers in industry. As shown in
Figure 2, technology evolved its hardware from the
vacuum tube era, through transistor and micropro-
cessors, to microchip and printed circuit boards;
its recording medium from magnetic tape to solid-

state memory; its signal processing from analog to
digital; and its interpretive aspects from a local sin-
gle station, through a local network, to a global
capability on the Internet. Bruce Del Mar's sin-
gular commitment to Jeff Holter's idea led to the
first clinically applicable system of Holter technol-
ogy which could be marketed by Avionics Research
Products to a wide arena of physicians and scien-
tists throughout the globe. This development for-
mulated an entirely new industry. Clearly, Bruce
Del Mar was a pivotal part of the boot of support
that Jeff Holter received on his scientific path. In a
similar analogy, Bruce Del Mar must be regarded
as the primary innovator of the technology of
Holter recording. This was achieved by Del Mar's
continuing efforts with W. Glasscock and the col-
laborative efforts of Del Mar Avionics engineers W.
Thornton, R. Cherry, and C. Sanctuary. The Del
Mar Avionics Electrocardioscanner (Model 450)
(Del Mar Avionics, Los Angeles, CA, USA) and
charter (Model 550) with its accompanying electro-
cardiocorder (Model 350) and accompanying para-
phenalia (1 mV calibrator, rechargeable batteries,
magnetic tape eraser, and battery charger) intro-
duced in late 1963 and capable of recording ini-
tially 6-8 hours and then 10-12 hours of data be-
came widely dispersed on all continents within the
decade of the 1960s, and its clinical value in the
diagnosis and assessment of patient symptoms and
cardiac arrhythmias was quickly established (Fig.
3).16 The competitive marketplace attracted other
manufacturers to the field beginning in the very late
1960s and throughout the 1970s, reaching its zenith
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Figure 3. Bruce Del Mar displaying early Holter record-
ing instrumentation.

in the 1980s when as many as 26 Holter companies
could be counted at the national Scientific Sessions
of the American Heart Association and American
College of Cardiology.

Whereas many individual companies con-
tributed to the innovative developments of the
technology, this author's attempt to recall all of
them with appropriate recognition is appreciated as
somewhat futile since many contributions escaped
being duly recorded over the past 40 plus years. As
one might expect over four decades, many of the
early companies have faded with time or merged
into new organizations. Nevertheless, their compet-
itive contribution spurred the development of the
industry. Such is the case for companies includ-
ing AdvanceMed, American Optical, Brentwood,
Cardiodynamics, Diagnostic Medical Instruments,
Hewlett-Packard, Hittman Medical Systems, In-
struments for Cardiac Research, Marquette Elec-
tronics, Omed, Quinton, and Zymed companies.
Some have stayed the course, e.g., Applied Cardiac
Systems, Biomedical Systems, Del Mar Reynolds
(formerly Del Mar Avionics and Reynolds Medi-
cal), ELA Medical, Fukuda Denshi Instruments, In-
stromedix, Mortara Instruments, Rozinn Electron-
ics, Siemens-Burdick, and Schiller AG. Other com-
panies have emerged from acquisitions as spinoffs,
e.g., GE instruments, Phillips Medical Systems,
Spacelabs instruments, and Quinton Cardiology.
All of these companies contributed to the ongoing
innovation experienced in Holter technology. The
author's attempt to highlight specific aspects of the
technology must not be viewed too critically, but is
his best recollection of events.

Holter Technology

Following Del Mar's introduction of the initial
recording system, the Oxford company (United
Kingdom) introduced a Holter tape recorder which
utilized a frequency modulated analog system in
contrast to the original amplitude modulated sig-
nal and used a cassette tape instead of a reel-to-
reel tape.'® Whereas there were some distinct ad-
vantages during the early development of recorders
in frequency modulation recording having a more
accurate low-frequency response, this limitation
was subsequently overcome with better reliabil-
ity to amplitude modulated recordings with im-
proved capacitors and motor speeds from tran-
sistors, and improved magnetic tapes. American
Optical introduced the concept of a continuous
recording of 1 hour data with its “trendscription”
drum-like printout which was revolutionized by
the "full-disclosure” technique introduced by Ad-
vanceMed (optical writer technique) and Del Mar
Avionics (mechanical writer technique). During
this time, Del Mar Avionics introduced the two-
channel Holter recorder that was extended by Ox-
ford to a four-channel recorder (three channels of
electrocardiographic data with a time track). Instru-
ments from Cardiac Research introduced the 48-
hour cassette recorder. Subsequently, multichan-
nel Holter recording was taken to all 12 chan-
nels by Mortara Instruments. During this constant
competetive evolution taking place in the market-
place,'®17 the conversion of the analog signal to dig-
ital format was a major turning point that opened
new medical parameter horizons in the 1980s and
began to change the entire business of Holter tech-
nology. One of the earliest applications of the dig-
ital technology was Del Mar Avionics pacemaker
Holter recorder which provided one channel of
only the amplified pacemaker stimulus with one or
two separate channels of electrocardiographic data
to assist in the electrocardiographic interpretation
of pacemaker rhythm.!” This latter innovation suf-
fered the criticism that the atrial stimulus could not
be easily differentiated from the ventricular stimu-
lus in some instances of dual-chamber pacing. This
was improved by ELA (France) whose circuitry was
designed to detect the differences in pacing stimu-
lus width of its own manufactured pacemakers, al-
lowing accurate differentiation between atrial and
ventricular stimuli.!” This application of Holter
recording technology to pacemakers was, however,
stymied by the reintroduction of biotelemetry, as
increasingly sophisticated pacemakers and subse-
quently, implantable cardioverter devices emerged
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in the marketplace during the 1990s which con-
tained internal biotelemetry of endocardial electro-
grams with added storage capability. The teleme-
try of stored endocardial electrograms contained
within devices is currently utilized to assess the
proper function of such devices.!®1° Although Di-
agnostic Medical Instruments and its Altair-DISC
recorder was an early user of a magnetic hard
disk drive to replace tape-based systems for digi-
tal data storage, further innovation led to several
varieties of solid-state digital data storage devices.
These storage devices have evolved from 11-MB
storage devices to flash card memory storage with
a capability of 512-MB storage today and 1 GB on
the horizon. Sampling rates of the analog signal to
digital conversion progressed from 32 and 64 Hz
to 1000 Hz, thereby giving Holter genesis to new
parameters of heart rate variability and the signal-
averaged ECG. Today's capability of digital sam-
pling on an investigational basis has increased the
sampling rate to 4096 Hz to seek measurement data
in the electronic functionality of pacemakers and
implantable cardioverter devices.

Holter Electrocardiographic Parameters

Accompanying these developments of technol-
ogy, per se, was the evolution of new electrocardio-
graphic parameters.!” Whereas in the 1960s-1970s,
technology focused on ectopic beat detection,
early interpretive algorithms and visual interpre-
tive methods; the 1980s aided by the introduction
and development of computer technology saw a
focus on refinement of ectopic beat detection al-
gorithms, ST segment detection, and quantitative
databases. In the 1990s, the development of mi-
crochip technology, digital solid-state storage, and
the personal computer technology of printed cir-
cuit boards clearly changed all Holter technology
from being a hardware-based business model into
a computer software driven industry. With this
enhanced capability, digital signal processing al-
lowed the high-resolution signal-averaged ECG to
be recorded,?® both time and frequency domain
heart rate variability to be extracted,?! T wave al-
ternans to be detected,?? identification of heart rate
turbulence,?® and improved detection algorithms
of QT measurements/variability?* and atrial fibril-
lation?® were developed. Computer-generated vec-
torcardiographic loops, Poncare’ plots, histograms,
bar graphs, and quantitative/qualitative tables be-

came the normal standard Holter recording ex-
pected data in a 24-hour Holter report.!8:26

Other Holter Applications

A variety of diverse applications of Holter tech-
nology emerged over its 40-year history, some of
which have not withstood the test of time, on the
other hand many improved adaptations have re-
mained. Ambulatory blood pressure pioneered by
Del Mar Avionics in the early 1980s did not en-
joy widespread clinical application until 20 years
later. It is now commonly utilized in hypertension
randomized controlled trials.2” Ambulatory elec-
troencephalography pioneered by the Oxford four-
channel recorder with its innovative page-mode
replay and visual display system never became
a widely utilized technology by neurologists, al-
though the page-mode method of visual interpre-
tation was widely adopted by most Holter manu-
facturers.?8

Whereas there was early interest in applying
Holter technology to sleep disordered breathing
(SDB), obstructive sleep apnea, or the sudden in-
fant death syndrome, only in recent years with
the National Institute of Health emphasis on the
Sleep Heart Study?® has portable in-home devices
using Holter technology been applied to record-
ing long-term observations of the electrocardio-
gram, respiratory patterns, and O, saturation lev-
els.3? One recent appearance in the marketplace is a
Holter recorder containing a probability algorithm
to identify the likely presence of sleep disordered
breathing that incorporates changes in respiratory
impedance, heart rate variability, and proprietary
algorithms to indicate a "probability” score of the
presence of a sleep disorder. The validation of such
technologies have not been clearly established but
currently are the object of ongoing investigation.

Employment of the Frank lead system on three-
channel Holter recorders, particularly utilized in
European and Scandinavian countries, has permit-
ted the enduring utility of the vectorcardiogram,
and facilitated the derived 12 lead electrocardio-
gram from 3 channel Holter recordings. Systolic
time intervals, muscle activity, body posture, and
vibration recording are parameters reported by iso-
lated investigators using Holter technology that
have all seemingly faded with the passage of time.
On the other hand, the use of Holter technology
to record gastrointestinal motility and pH has per-
sisted, albeit not widely utilized. Measurement of
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penile erection has been obviated by the phar-
maceutical development of sildenafil and similar
compounds but was a curious application of early
Holter technology.

PRESENT DAY AND FUTURE
HOLTER TECHNOLOGY

It is always a poignant experience to sometimes
hear colleagues opine that the use of the term
Holter is outdated. This point of view arose in the
1990s with the introduction of increasingly sophis-
ticated pacemaker and implantable cardioverter de-
vices. The information gained from such cardiac
devices by biotelemetry of internal cardiac electro-
grams from stored or queried data is not widely
appreciated as being one of the earliest modalities
established by Jeff Holter and his coworkers. Simi-
larly, during the end of the 1990s, the introduction
of long-term loop recorders, 3! both noninvasive and
implantable devices (Reveal by Medtronic),? was
viewed by some clinicians as "obviating the need
for Holter."” This perspective reflects a limited view
of the adjunctive nature of all Holter technology
and clearly lacks the insight of the single mission
of Jeff Holter to study humans "without touching”
them. These developments within the extending
pervasive world of computer technology, and the
ubiquitous presence of the Internet, currently bring
a focus in the 21st century on new parameters of
measurement and new methods of analysis.

Parameters. Among the most notable new pa-
rameters being examined at this time is the value
of heart rate variability,?! T-wave alternans,333
heart rate turbulence,?*% and variations in the ORS
complex (i.e., ORS, QT, and JT dynamicity)?* and
brady- and tachycardiograms® throughout a 24-
hour day. These new parameters are fueled, in part,
by the current interest in cost effectively utilizing
cardiac device therapies and the expanding knowl-
edge of the importance of autonomic measure-
ments to cardiovascular outcomes. On the other
hand, evolving knowledge and a wider apprecia-
tion that the autonomic nervous system and its neu-
rohormonal axis are reflected within the 24-hour
electrocardiographic data of a Holter recording are
now clearly recognized across a wide spectrum of
pathological states.

With the expanding indication of device ther-
apies for primary prevention of sudden cardiac
death, interest in identifying those at greatest risk
to warrant such expensive therapy would seem im-

Holter Technology

perative. Whereas only approximately 10% of sud-
den cardiac death victims have a high-risk profile,
the number needed to treat (NNT) (to save one life)
using the risk stratification tools currently avail-
able varies according to the length of follow-up of
the studies that exist. Whereas the NNT may be as
low as 3 or 4 for a mean duration of 2.5-5 years
within the highly selective risk stratifying criteria
of the Multicenter Automatic Defibrillator Implan-
tation Trial I (MADIT-1)3” and Multicenter Unsus-
tained Tachycardia Trial (MUSTT)3® trials, it can be
as high as 11-14 for a mean duration of 3-5 years
within the stratifying criteria of the MADIT-II®°
and SCD-HeFT* trials. Thus the search for better
risk stratifiers or a combination thereof has come
into prominent view and is a concern to clinicians.
One interest centered in this regard on T-wave al-
ternans. The value of T-wave alternans which clas-
sically is observed during exercise, is now being
sought through beat-to-beat Holter recordings.3*
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Whereas risk stratifiers have classically sought to
have a high positive predictive accuracy, the value
of a high negative predictive value to avoid costly
therapeutic interventions is now being realized.*!
T-wave alternans is one such variable which may
be quite valuable in decreasing the NNT with re-
gards to an Implantable Cardioverter-Defibrillator
(ICD). Additional parameters being focused upon
in this goal include variations in the QRS complex
(dynamicity), which are being added to established
markers of the signal-averaged ECG or heart rate
variability in identifying the patient most likely to
benefit from costly therapy for which Medicare
pays approximately $30,000 per case.

Recently, the importance of sleep disordered
breathing, widely characterized as sleep apnea,
in creating adverse cardiovascular outcomes has
clearly become appreciated. The increasing preva-
lence of sleep disordered breathing in an aging pop-
ulation and its contributions to the development of
hypertension, stroke, myocardial infarction, heart
failure, and atrial fibrillation are increasingly rec-
ognized.*? With this appreciation, the need for a
more cost-effective screening tool alternative to the
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relatively costly classical overnight polysomnogra-
phy examination has emerged. Whereas for several
years the value of electrocardiographic heart rate
variability in diagnosing sleep disordered breathing
has been realized and is the subject of ongoing in-
vestigations, there has now emerged active interest
in the brady and tachy changes in heart rate and res-
piration which occur during the apnea or hyponea
episodes.®® These arousal periods and their charac-
teristic disturbances in heart rate and respiration
are now the object of adjunctive Holter screening
tests to detect the candidate at risk of SDB dur-
ing the routine Holter examination. These develop-
ments are not surprising in view of the unappre-
ciated nature of SDB in the cardiovascular patient
and the need to decrease cardiovascular outcomes
in the aging population of the 21st century.?%42
Technology. The greatest impact upon Holter
technology in the past decade has been the inte-
gration of the Internet into the transmission and
analysis of Holter recording data. This latter phe-
nomena, which started without regulation, has now
encountered privacy regulations in the health care
industry, and subsequently modified its processes
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to accommodate this changing environment. With
the advent of DSL and then broadband technol-
ogy, the 24-hour Holter recording which consists
of approximately40-80 or 100 MB of data (a three
channel recording with sampling rate of 128-256
Hz) can be transmitted within a matter of minutes
to distant locations. On the other hand, some anal-
ysis applications have avoided this by innovating
Holter analysis without the transmission of data
(Fig. 4). The latter applications permit a distant
operator to enter a satellite station electronically,
maintain all raw ECG signal data at the acquisition
site, and analyze, edit, and print the final Holter re-
port at the satellite station. Issues of patient privacy
and health care regulations are then more easily
accounted for by the responsible physician at the
satellite station.

A modification of this analysis service with atten-
tion to privacy and blinding for research purposes
is through the creation of a multicenter clinical trial
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virtual private network (VPN) and a core base sta-
tion (Fig. 5). Coded Holter data from participating
satellite stations are transmitted via the Internet to
the data servers contained within the VPN. VPNs
are currently maintained with assurance of privacy,
backup, and regulatory safeguards at both com-
mercial (e.g., Southwestern Bell) and educational
(e.g., Duke University) institutions. The Holter raw
data analysis, editing, and interpretation are pro-
vided by a core base station through the Internet
which accesses the VPN. Holter recording results
are maintained at the core base station for study
purposes and definitive study analysis. If Holter re-
port data are needed at the satellite study center, it
can be obtained via the Internet at the VPN. The
VPN archived digital raw database then becomes
a repository of electrocardiographic data that can
be utilized by a myriad of investigators with ex-
isting technologies of today, as well as those that
might develop in the future. Such developments
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Figure 6. The circuitous applications of Holter technology.
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occurred from previous tape databases of other
clinical trials, e.g., European Myocardial Infarction
Amiodarone Trial (EMIAT), Autonomic Tone and
Reflexes After Myocardial Infarction (ATRAMI)
trial, etc., at a far greater cost that required sub-
stantial effort and resources to reanalyze the data.®®
Therefore, this archival structure could be expected
to cost effectively provide a digital database that is
both secure and widely accessible via the Internet.

THE CIRCLE AND LEGACY OF
HOLTER TECHNOLOGY

The often quoted saying "what goes around,
comes around” is truly applicable to Holter tech-
nology that has seen a circuitous application of the
various technologies developed during its lifespan
(Fig. 6). Every form of electrocardiographic infor-
mation of humans who go about their daily activi-
ties and is protracted over a long duration of time
"without touching” (i.e., without cables) is an evo-
lution of Jeff Holter's earlier paradigm and contri-
butions. Jeffres Norman Holter should be widely
regarded and accepted as the "Father of Ambula-
tory and Long-Term Electrocardiography,” less we
ignore and fail to recognize the clear footstep of
a giant that lived within our own time. Whereas
Holter received a major boot of support from the
physician side which included many, such as Elliott
Corday, Lawrence Hinkle, and others. Unquestion-
ably, the other boot of support on the technology
side was Bruce Del Mar. Del Mar risked both in-
vestment and commitment to formulate an indus-

Figure 7. Dr. Elliot Corday (left) and Mr. Bruce Del Mar
(right) attending the Scientific Sessions of the American
College of Cardiology.

try that has ultimately extended Holter technology
to physicians everywhere on the globe. The Holter
technology industry was formulated on Del Mar's
innovative efforts and energy, and forever is in-
debted to that early genesis. On a personal basis
Bruce Del Mar was one of the early supporters that
urged and financially sponsored the fledgling Inter-
national Society of Holter Monitoring (now the In-
ternational Society of Holter and Noninvasive Elec-
trocardiology) with substantial resources pledged
from Del Mar Avionics over a number of years,
and created the honorary Young Investigator and
Senior Investigator Del Mar Awards of the society.

Mr. Bruce Del Mar, now more than 90 years of
age, can still be seen at the American Heart Associ-
ation or American College of Cardiology Scientific
Sessions prowling the commercial exhibits and sci-
entific presentations to determine the advances that
could be potentially applied to the Holter technol-
ogy industry.
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