
Ambulatory ECG Monitoring: 

The Past and The Future 

PediRhythm VII, February 2017 



Norman “Jeff” Holter (1914-1983) 

1st recording of radioelectrocardiogram 
(RECG) 1947. Original weight ~40 kg 

A bit of history 



Holter monitor circa 1976 

Bruce Del Mar, 
Partner of Holter, 
developed commercial 
product 



Next Generation: Event Recorders 
•  In late 1980s, longer term ambulatory “event recorders” 

were developed 
 
 
 
 
 

•  Karpawich et al showed event recorders had better 
correlation of symptomatic events with arrhythmias, 
Holters better at asymptomatic events  

–  No autotriggering on event recorders 
 
  



•  495 monitors used, 1-100 days duration 
• ½ of children recorded nothing, ½ were symptomatic 

– Of symptomatic pts, 15% had SVT 
– Patients with chest discomfort, presyncope &/or syncope 

had no arrhythmias 
Ø Most recordings are reassuring of no arrhythmia, 

and a small percentage uncover an arrhythmia 



The New Century:  
Implantable loop recorders 

1st generation 

2nd generation 



New commercial products: 
bypass medical professionals? 
Two types: 

• Recording of ECG rhythm 
Ø Patients can purchase “app”, own the 
product. Requires attachment to phone 
Ø Patient has immediate feedback, can store 
recording as PDF and send to physician 
Ø Downside: cost 

• Using camera to detect pulsations  
Ø Cheaper, no extra equipment, no ECG 



SmartPhone Applications:  
How well do they work? 



Failure rate high for tachycardia 
detection in pulse-driven apps  

These 2 apps 
both used light 
sensors, not 
ECG recordings 



Patient-driven rhythm recordings 



“DEBATE” AND CASES 
 

Indications for use of Holters, 
external loop recorders and 
implantable loop recorders 



Is the Holter dead? 

•  301 ACHD patients with 
symptoms or for monitoring 
had loop monitors placed  
– ½ had a significant 

arrhythmia; only ¼ of those 
were found in the 1st 48 hours 



The Holter is not dead! 

•  Specific uses for 24-48 continuous monitoring: 
– Accurate 24 hr counts of PVCs are needed for 

otherwise normal patients with frequent PVCs, 
and for ARVC  

– Patients with heart block prior to pacing need 
accurate heart rate counts, best done with 
continuous monitors 

•  Disadvantages to 30 day loop monitors: 
– Patients (especially children) despise them 
– They are uncomfortable and inconvenient to wear 



Utility of the 30 day event recorder 

Ø For symptoms that do not occur every 
day 

Ø For high risk patients who refuse or who 
don’t quite warrant an implantable 
recorder 

Common sense will dictate which device to 
use, depends on what information you want 



ILR data in children sparse 

• 20 patients studied, 
2008-2015 

• Most implanted to monitor 
symptoms 

• 7% yielded actionable data, 
escalated therapy in 30% 

JAHA, 2016 



When to implant a loop recorder 

•  There are no clear criteria in children 
•  Some adult criteria set by ERAS position paper 



ERAS position paper on ILRs: 
Common sense points: 
 



ERAS position paper on ILRs: 
Pediatric indications 
 



ERAS position paper on ILRs: 
When are they diagnostic 
 



Case: 14 yo boy with palpitations:   
Score one for Smartphone products 

Better quality than most event recorders? 



Holter case: 
11 year old girl with frequent PVCs, 
asymptomatic 

Monomorphic PVCs, burden manageable 
In conjunction with other normal testing, can continue 
observation 



Holter case:  
7 year old boy with atrial standstill 
 •  Asymptomatic other than initial stroke that brought 

him to our attention 
•  What do we need to know?  

– Is his heart rate adequate? 
– Does he have ectopy? 

“ “ 



Event recorder Case: 
30 yo recently repaired Ebstein 
anomaly with Maze 

Complained of infrequent palpitations 

Day 15: sustained SVT event, both onset and termination 
recorded 



ILR Case  

•  10 year old boy with neonatal coarctation, repaired with 
subclavian flap  

•  During routine, asymptomatic follow-up at 8 years of age, 
found to have biatrial enlargement and diastolic dysfunction, 
with no LVH and no recurrence of arch obstruction 

•  Cardiac catheterization revealed elevated end-diastolic 
pressures bilaterally (RVEDP 21 mmHg, LVEDP 28 mmHg), 
and presumptive diagnosis of restrictive cardiomyopathy 

•  MRI showed normal systolic function, no fibrosis 
•  Holter monitor showed no significant arrhythmias 



ILR Case #1 continued 

•  No family history of cardiomyopathy 
•  Due to concerns of RCM, but in setting of 

incidental finding in asymptomatic patient, 
implantable loop recorder was recommended 



One year later 

Change in management: 
ICD implanted, activated on transplant list 



ILR Case  

•  At 7 years old presented with syncopal event at home. 
Mother states patient was grey and not breathing and 
CPR was started.  Recovered by the time EMS arrived. 
No incontinence or seizure.  

•  LFTs elevated afterward 
•  Family history: father has had multiple syncopal events 

after exercise 
•  Initial workup with ECG, echo, exercise test, neuro work-

up negative 
•  Negative EP study, including procainamide and high 

dose isoproterenol infusions, and ILR implanted  



ILR Case #2, continued  

Managing 
conservatively, NMH 
with asystole  



Conclusions 

• Use the right tool for the right job 
– 24-48 hour Holter for short-term “counting” 
– 30 day event recorder for frequent but not 

daily symptoms 
– Consider implantable recorder for long-term 

monitoring 
– Consider ECG recording via SmartPhone 

apps; light sensor rates not accurate at 
higher rates 


