
In this article, we provide a 
brief review of the histori-
cal progression of cardiac 

electrophysiology as well as 
highlight recent developments 
in our research lab to advance 
the treatment of arrhythmia.

BACKGROUND OF 
CARDIAC EP
Electrocardiogram

In 1887, Augustus Waller 
recorded the fir st human 

electrocardiogram (ECG) with a 
mercury capillary electrometer, 
which consisted of a single fine-
draw glass tube that was filled 
with mercury and immersed 
in sulfuric acid.1 This instru-
ment was capable of record-
ing the body’s surface voltage 
changes on photographic paper, 
which was detected by mov-
ing the mercury in response to 
potential electrical changes.2 
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Remote Monitoring of Heart 
Failure: A Single-Center 
Experience

In this interview, Jonathan 
Rosman, MD, FACC, FHRS 
talks about his approach to 

remote monitoring of congestive 
heart failure (CHF).

Tell us about your practice.
I joined Cardiac Arrhythmia 

Service, located in South 
Florida, after completing my 
EP fellowship 6 years ago at 
Brigham and Women’s Hospital. 

I have 2 partners, Dr. Murray 
Rosenbaum and Dr. Martin 
Kloosterman. We also have 2 
physician assistants. We have a 
research coordinator and are 
involved in clinical studies. Our 
practice is limited to electro-
physiology, and we have a large 
referral network from general 
cardiologists in the area. 

EP NEWS

Technology From a 
Mount Sinai Startup 
Wins NYC Life Science 
Innovation Showcase 
Technology for 
identifying at-risk AF 
patients was chosen 
as the winner of the 
inaugural Alexandria 
LaunchLabs Scholarship 
Award, which recognizes 
excellence in health 
care technology, 
entrepreneurship and 
business competencies.
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AI That Sees the 
Invisible: AliveCor and 
Mayo Clinic Announce 
Collaboration 
to Develop 
Groundbreaking AI 
Technology to Help 
Prevent Sudden 
Cardiac Death 
AliveCor announced a 
collaboration with Mayo 
Clinic to develop tools for 
medical and non-medical 
personnel to easily 
screen for LQTS early by 
combining AliveCor’s AI 
technology with Mayo’s 
patented algorithms.
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Fewer Leads, Fewer 
Complications: 
BIOTRONIK US 
Launches Proven DX 
Technology for Heart 
Failure Patients 
BIOTRONIK announced 
FDA approval and 
availability of the Intica 
DX and Intica CRT-DX ICD 
systems. 
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The Queen’s Medical Center (QMC), located in down-
town Honolulu, Hawai‘i, is a private, non-profit, acute 
medical care facility. It was established in 1859 by Queen 

Emma and King Kamehameha IV to “provide in perpetuity 
quality health care services to improve the well-being of 
Native Hawaiians and all of the people of Hawai‘i.” Today, 
the Queen’s Medical Center is the largest private hospital in 
Hawai‘i, licensed to operate with 505 acute care beds and 
28 sub-acute beds. The medical center has more than 3,000 
employees and over 1,200 physicians on staff. As the leading 
medical referral center in the Pacific Basin, Queen’s offers a 
comprehensive range of primary and specialized care services.

SPOTLIGHT INTERVIEW

ABLATION IN PARADISE: 
THE QUEENS  

MEDICAL CENTER

From the Mercury Capillary 
Electrometer to the Wireless, 
Battery-Less Pacemaker: 
State-of-the-Art Innovations in 
the Treatment of Arrhythmia

continued on page 14
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continued from cover

We lecture at the College of Medicine 
at Florida Atlantic University (FAU), and 
teach EKGs and electrophysiology to 
FAU residents. Our practice is affiliated 
with 3 hospitals: Boca Raton Regional 
Hospital, Delray Medical Center, and 
West Boca Medical Center. 

We perform complex ablations, 
including for atrial fibrillation and 
ventricular tachycardia. We routinely 
perform fluoroless ablation for SVT, 
atrial flutter, and atrial fibrillation. 
Thanks to a generous donation from 
our patient, we were the third site in 
the U.S. to obtain the CardioInsight™ 
Noninvasive 3D Mapping System 
(Medtronic). Dr. Rosenbaum is the 
largest volume operator of CardioInsight 
in the U.S. We also perform all types 
of device implantations, including sub-
cutaneous ICDs, leadless pacemakers, 
and direct His bundle pacing. We have 
a very active cardiac device remote 
monitoring service with over 2,000 
patients. Dr. Kloosterman has pioneered 
the use of remote monitoring in the 
hospital setting. We are the largest users 
of CareLink Express (Medtronic) in 
the country.

Why is remote monitoring 
important?

Remote monitoring is associated with 
a morbidity and mortality benefit for 
patients with pacemakers and defibril-
lators.1-3 By monitoring patients on a 
daily basis, we are able to immediately 
diagnose and treat arrhythmias and 
device/lead-related problems. If we 
discover atrial fibrillation, we start the 
patient on anticoagulation right away, 
then have them follow up in our office 
or with their cardiologist. If we find a 
ventricular arrhythmia, we start antiar-
rhythmic medications over the phone 

or admit the patient to the hospital to 
prevent recurrent VT and ICD shocks. 
If we see lead- or device-related issues, 
we immediately arrange appropriate 
care to prevent inappropriate ICD 
shocks or loss of pacemaker function. 
Remote monitoring has revolutionized 
the practice of cardiac electrophysiology 
and has markedly improved patient 
outcomes.1-2

How have you incorporated 
remote monitoring into your 
practice?

Remote monitoring maximizes our 
group’s efficiency. We can manage and 
treat more patients by reducing the 
number of in-office visits needed for 
patients followed remotely. We cur-
rently remotely monitor 850 patients 
with implantable defibrillators, 750 
patients with implantable loop recorders, 
and 400 patients with pacemakers. We 
also have 300 patients in our remote 
heart failure monitoring program. We 
have 2 technicians who download and 
review transmissions on a daily basis. 
Transmissions that require review are 
evaluated by a physician, and after a 

Remote Monitoring of Heart Failure: 
A Single-Center Experience

Cover Story

Figure 1: Dr. Rosman, Dr. Rosenbaum, and Dr. Kloosterman with the EP 
lab staff at Boca Raton Regional Hospital.

Figure 2: Cardiac Arrhythmia Service staff.

continued on page 12
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plan of care has been established, the 
transmission and note are scanned into 
the EMR. A physician or physician 
assistant will contact the patient by 
phone to review the information and 
plan of care. We are a team of secretaries, 
technicians, nurses, physician assistants, 
and physicians all working together to 
optimize patient care for our remote 
monitoring program.

We also use remote monitoring in 
the hospital setting. Instead of waiting 
for a device representative or physician 
to check a patient’s device, the nurse 
is able to send a remote transmission, 
which we can instantly access for 
evaluation. Remote transmission for 
all post-op device patients are done by 
the night shift nurse, and the report is 
available in the chart by 7am. The ER 
also performs remote transmissions for 
all their device checks. We are able to 
immediately access and review these 
transmissions, allowing for timely and 
efficient patient care. 

Describe remote monitoring for 
heart failure.

Implantable defibrillators can monitor 
intrathoracic impedance. The lungs 
are located between the RV lead and 
defibrillator, and by measuring the 
resistance between them, the defibril-
lator can assess pulmonary fluid status. 
Conduction is faster through water; 
therefore, lower intrathoracic impedance 
(lower resistance) suggests pulmonary 
fluid accumulation. Low intrathoracic 
impedance values precede clinical signs 
and symptoms of congestive heart fail-
ure.4-5 Studies show that patients with 
low intrathoracic impedance measure-
ments are at increased near-term risk 
of CHF hospitalization.4-6 By remotely 
monitoring changes in intrathoracic 
impedance, we can potentially pre-
vent heart failure exacerbations and 
hospitalizations.

Have studies demonstrated a 
clinical benefit for heart failure 
monitoring?

Studies have consistently demon-
strated the predictive nature of low in-
trathoracic impedance and the increased 
risk of CHF exacerbation and hospital-
ization.6-7 However, the utilization of 
this data to improve clinical outcomes 
is not well established.8 The DOT-HF 
study evaluated whether intrathoracic 

impedance values could be utilized 
to decrease hospitalizations.9 Patients 
received an audible alert to a decrease 
in intrathoracic impedance. Results 
showed an increase in hospitalizations 
in the treatment group compared with 
the control group. However, the pres-
ence of an audible alert and the lack of 
remote monitoring may have impacted 
these results. Heart failure treatment 
and hospitalizations in DOT-HF were 
often driven by the audible alert, even 
in the absence of clinical symptoms. 
Similarly, the LIMIT-CHF study studied 
the presence of an audible alert to low 
intrathoracic impedance to reduce CHF 
hospitalizations.10 Every patient with an 
audible alert was instructed to increase 
their diuretic dose for a week. There 
was no difference in outcome between 
the two groups. However, patients were 

treated solely based on an alert, even 
in the absence of clinical symptoms. 

How does your approach differ 
from prior studies?

When treating patients with con-
gestive heart failure, it is imperative 

to involve the patient. Prior studies 
have focused primarily on intrathoracic 
impedance measurements rather than 
patients and their symptoms. In LIMIT-
CHF, patients were treated with diuretics 
irrespective of clinical symptoms.10 In 
DOT-HF, every patient alert had to be 

treated until the intrathoracic imped-
ance normalized, even in the absence of 
symptoms.9 This likely led to overtreat-
ment and unnecessary hospitalizations. 

Intrathoracic impedance is an early 
marker of increased pulmonary fluid 
levels. However, the body self-adjusts 
and intrathoracic impedance levels 
often normalize without any interven-
tion. Therefore, we sought to use a low 
intrathoracic impedance value as a 
screening tool rather than an indication 
to treat. We utilize a patient-centered 
educational approach to abnormal 
intrathoracic impedance values. With 
monthly remote evaluation of patients’ 
intrathoracic impedance, we are able 
to detect patients who are at higher 

Figure 3: Intrathoracic impedance measured across the lung field from 
the RV lead to the ICD.

Figure 4: An example case from our remote heart failure program. An elevated pulmonary fluid level = an 
abnormally low intrathoracic impedance was detected on monthly remote monitoring. This triggered a phone 
call; the patient was symptomatic with shortness of breath after returning from a cruise. He was referred back 
to his cardiologist, who adjusted his diuretic. The patient’s symptoms and fluid status normalized shortly after 
treatment.

Studies show that patients with low intrathoracic 
impedance measurements are at increased near-
term risk of CHF hospitalization.4-6 By remotely 
monitoring changes in intrathoracic impedance, we 
can potentially prevent heart failure exacerbations 
and hospitalizations.

Heart Failure
Continued from page 10
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risk of hospitalization. All patients 
with low intrathoracic impedance 
are contacted by a nurse, physician, 
or physician assistant. The health care 
professional assesses the patient, and 
then educates them on signs and symp-
toms of heart failure. Only patients 
who are symptomatic are sent to their 
cardiologists for further evaluation and 
treatment. This minimizes overtreat-
ment and, at the same time, empowers 
patients to participate in their medical 
care. With our approach, we have an 
extremely low rate of heart failure 
hospitalizations.11

How do patients and 
cardiologists feel about your 
approach to remote heart failure 
monitoring? 

We work together with our referring 
cardiologists to provide the best care 
for our patients. Since we only prac-
tice electrophysiology, we refer all of 
our symptomatic heart failure patients 
back to their cardiologist for further 
treatment. Our patients appreciate the 
close monitoring and follow-up that we 
provide. We do a follow-up phone call 
the month after we detect an abnormal 
intrathoracic impedance, to ensure the 
patient is doing well and was not hospi-
talized. By involving our patients in their 
treatment, they feel more responsible for 
their medical care. Our patient-centered 

educational approach to remote heart 
failure monitoring is unique, effective, 
and can reduce heart failure exacerba-
tions and hospitalizations. ■

Disclosures: The author has no con-
flicts of interest to report regarding the 
content herein. 
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Figure 5: Physician assistants calling patients in our remote heart failure program.

Our patient-centered educational approach to 
remote heart failure monitoring is unique, effective, 
and can reduce heart failure exacerbations and 
hospitalizations. 

Discuss with @EPLabDigest!

www.twitter.com/eplabdigest

www.facebook.com/EPLabDigest

www.linkedin.com/in/eplabdigest

www.instagram.com/eplabdigest

Be a part of the discussion by sharing your comments to  
this and other articles on EP Lab Digest’s social media pages.  

We look forward to hearing from you! Find us online at:
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