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Case report 
 

A middle aged female with hypertrophic cardiomyopathy underwent permanent pacemaker 

(PPM) implantation for tachy-brady syndrome with paroxysmal atrial fibrillation (AF). She 

subsequently suffered a syncopal event whilst driving.  

 

Figure 1: A and V EGMs from PPM interrogation following syncope 

 

 

Question 1 

 

What does PPM interrogation (Fig 1) demonstrate? 

A Ventricular tachycardia (VT) 

B  Ventricular fibrillation (VF) 

C AF with a fast ventricular response 

D Noise on atrial (A) and ventricular (V) leads 

 

 



Answer 1 = B 

 

The A electrogram (EGM) shows fibrillation waves throughout. The V EGM initially shows 

ventricular pacing, followed by onset of VF, which appears to be initiated by a ventricular 

premature beat. The frequency is too high for a normally conducted ventricular response to 

AF. VT would have demonstrated a more organised ventricular rhythm on the V EGM. The 

frequency of EGM signals and mechanism of initiation with a ventricular ectopic is not 

typical for noise.  

 

The patient underwent an upgrade to a dual chamber implantable cardioverter defibrillator 

(ICD). She remained well without therapies from her device until she received an unheralded 

shock whilst climbing out of a swimming pool. On interrogation all lead tests including 

impedance trends were satisfactory. 

 
 

Figure 2: Interval plot of episode when shock was delivered 

 
 

 

Question 2 

 

What does the interval plot (Fig 2) demonstrate? 

A VF 

B  VT 

C Electromagnetic interference (EMI) 

D Lead fracture 

 

 

 

 

 

 



Answer 2 = C 

 

The interval plot initially shows short A-A intervals consistent with AF, and V-V intervals at 

around 800ms, but with overlying recurrent brief episodes of short V-V intervals occurring 

regularly and at a constant frequency, most suggestive of EMI from electrical mains supply. 

VT would show regular intervals at around 300-400 ms and VF would show continuous 

chaotic intervals at around 200-300 ms. Lead fracture would be unusual with normal 

parameters and impendence trends.  

 

EMI is confirmed on the EGM traces (Fig 3) which show fibrillation waves on the A channel 

and high frequency EMI on a background of normal QRS morphology on the V channel.  

 
 

Figure 3: A and V EGMs of episode when shock was delivered 

 
 

 

On further questioning, the patient remembered that on that day the adjacent jacuzzi had been 

on and testing confirmed an electrical fault. Jacuzzis have been described as possible sources 

of current leak, although this is the first description of resultant inappropriate ICD therapy as 

far as we are aware. Other water based EMI sources include swimming pools
 
(1), showers

 
(2) 

and pond pumps
 

(3). Confirming lead integrity on device interrogation is helpful in 

distinguishing internal vs external sources of noise. The case highlights the importance of a 



detailed clinical history in identifying the exact source of EMI. ICD patients should be 

warned to avoid contact with potentially poorly earthed electrical equipment. 

 

Reducing inappropriate shocks 
 

Numerous studies show that ICDs confer survival benefit in patients at high risk of sudden 

cardiac death (4–8). However, despite technological advances, the incidence of inappropriate 

shocks, delivered for causes other than potential life-threatening VT or VF, remains high. 

This includes shocks for both SVTs and VTs which would have self-terminated without a 

shock. Inappropriate shocks are painful, psychologically disturbing and potentially 

arrhythmogenic (9–12). Recently, a subgroup analysis of two ICD clinical trials has shown an 

association between inappropriate shocks and increasing mortality (13,14). It is all too easy 

for physicians to think that their job is done once a device has been implanted, but careful 

attention to device programming and patient management can help physicians minimise the 

incidence of inappropriate shocks. 

 

Figure 4 summarises the processes required for an ICD to deliver a shock. Sensed EGMs are 

processed by ICD algorithms including those for initial detection, SVT-VT discrimination 

and enhancements to minimize oversensing (15). If the rhythm is classified as a VT, 

depending on the programming, ATP may be delivered. The ICD then performs a redetection 

process to determine whether VT has terminated or continues. If VT is redetected, the process 

iterates until all programmed ATP is exhausted, when the device will charge its high-voltage 

capacitor. The ICD will then reconfirm that VT is present before delivering a shock. 

 

 

Figure 4: Overview of ICD function. From detection of a tachycardia to its subsequent classification, various 
proprietary algorithms that use A and V rate, SVT discriminators and sensing enhancements operate. From 
Koneru et al (15). 

 

 

 

 



Differentiation of SVTs from VT 

 

Novel algorithms have been developed in order to aid differentiation of SVTs from VT. 

Optimal programming should be individualised according to the rate of clinical 

tachyarrhythmia and the likelihood of SVT occurrence in a given tachyarrhythmia zone. A 

lower clinical tachycardia cycle length will result in a higher relative percentage of VTs in 

comparison to SVTs (16). Discriminators should be activated in all patients without 

permanent complete AV block. 

 

Single chamber discrimination algorithms from all major manufacturers are dependent on 

criteria of interval regularity, rate onset and V EGM morphology. Stability criteria help to 

differentiate VTs from episodes of AF with V rates within detection zones (17–21). They are 

however hampered by pseudo-regularization of the ventricular rate in AF with rapid V 

response (19,21). Irregular VTs such as PVT or irregular MVTs and ischaemic VTs with 

dynamic changes of the re-entrant circuit may also be problematic. Onset algorithms may be 

useful in excluding sinus tachycardia, where gradual acceleration of the ventricular rate is 

more likely to occur (17–20). However, this will not be useful for VT initiation during sinus 

tachycardia eg exercise induced VTs, and VTs that do not exhibit sudden onset (17,19,20). 

Overall, the combined use of stability and sudden onset criteria with time related override are 

associated with sensitivity 100% and specificity 83%.  

 

Morphology algorithms may differentiate the origin of detected tachyarrythmia episodes 

through comparing the similarity of EGM morphology to a reference EGM template during 

supraventricular rhythm. Alone, this algorithm can result in sensitivity and specificity in 

range of 70-95 % (22–25). Care must be taken to avoid template misalignment or EGM 

truncation. Misclassification can also result from rate related aberrancy, or from VTs with a 

similar morphology to the intrinsic rhythm, eg septal VTs. 

 

Dual chamber discrimination algorithms use timing and pattern of atrial events from the A 

EGM. There are different flow charts employed by different manufacturers (26). Generally 

the initial step is a comparison of V and A rates, as in over 90% of VTs the V rate will be 

higher than the A rate (27). Algorithms will next use comparisons of stabilities of V rate and 

A rates, and AV timings. If V and A rates are equal, they may also use single chamber 

discriminators. It is difficult to directly compare the specificity and sensitivities between 

manufacturers as trials have not been conducted head to head and have used differing cohorts 

of patients. 

 

There is some debate over the relative performance of single vs dual chamber ICD 

discriminators. An A lead is clearly beneficial if the device is required for pacing or CRT 

with no AF (28); however an A lead may not be required solely for discrimination. Some 

studies have shown that dual chamber discriminators significantly reduce inappropriate 

treated episodes vs single chamber discriminators, but without significantly reducing the 

number of patients receiving inappropriate discharges (16,29,30); this may be due to a bias 

associated with a high contribution of a small number of patients to the total burden of 

inappropriate episodes (31). Dual chamber discriminators may paradoxically lead to 

tachyarrhyhmia misclassification due to atrial sensing errors; under-counting may result from 



prolonged or fixed atrial blanking periods and atrial event over-counting can result from far-

field R wave sensing (32). We suggest that the addition of an A lead should be an individual 

decision, but is usually unnecessary solely for discrimination purposes. 

 

Ventricular oversensing 

 

Ventricular over-counting may occur for a number of reasons: T wave oversensing, 

electromagnetic interference, myopotential oversensing, sensing lead dysfunction and double 

QRS detection. Retrospective studies have shown that ventricular oversensing resulted in 

inappropriate shocks in 2-4% of pts with ICDs (33,34). T wave oversensing is relatively 

unusual given that ICDs now automatically adjust their sensitivity threshold; however it may 

occur in the setting of electrolyte abnormalities and or in the presence of drugs affecting the T 

wave. Sensing parameters should be adjusted where possible to avoid T wave oversensing in 

particular circumstances such as ARVC, sarcoid (low amplitude V EGM) and short QT 

Syndrome (tall T waves) and long QT Syndrome (long time from T wave to R wave).  

 

Newer algorithms exist to detect lead noise oversensing through comparing the far-field and 

near-field EGMs. Alert features to trigger when lead impedence is out of a programmable 

range should be activated where available. EMI rejection algorithms may also be employed, 

but are more difficult to implement in ICDs than in PPMs as ICDs must be able to recognise 

the rapid rates of VF and therefore long blanking periods after sensed events are not feasible. 

 

Therapy programming 

 

The heart rate at which VT detection is set needs to be low enough to catch 

haemodynamically compromising VT, but high enough to reject most sinus tachycardia; a 

boundary of 330 to 300ms is usually sufficient. The tachyarrhythmia detection window 

should be prolonged by increasing the detection time. This has been shown to reduce the 

number of shocks with no under-detection of VTs or arrhythmic syncope (35).  

 

There is some debate over the usefulness of ATP in reducing inappropriate shocks. Studies 

have shown that ATP successfully terminates ~90% of VTs with rates  <200bpm with no 

significant problems with VT acceleration (36,37). The PainFREE Rx II trial used an 8 pulse 

burst which terminated 72% of fast VT (38). The EMPIRIC trial showed that programming 

ATP empirically reduced shocked episodes vs ‘tailored’ therapy, with no increase in VT 

acceleration or syncope (32). If nothing else, ATP prolongs the time to shock delivery, where 

SVTs or VTs may self-terminate. We suggest that multiple ATP programming should be 

employed in the VT zone < 200bpm, and at least one ATP sequence for monomorphic VT 

rates 200-250 bpm. 

 

Pharmacological and interventional approaches 

 

Beta blockers should be titrated to maximal tolerated doses to decrease the likelihood of the 

SVT rate falling within the VT/VF detection zones. Anti-arrhythmics may be employed to 

prevent SVTs and non-sustained VT. Amiodarone is most effective but has an adverse side 

effect profile. Catheter ablation should be considered for treatment of documented 



supraventricular tachyarrhythmias that may result in inappropriate shocks, especially those 

most amenable to ablation such as typical atrial flutter, AVNRT and AVRT. AV node 

ablation should be considered in the case of refractory arrhythmias. VT ablation may reduce 

the incidence of episodes of NSVT that could potentially result in shocks. 

 

Conclusion 

 

Many complex algorithms exist to minimise the risk of inappropriate shocks. New algorithms 

are constantly being developed, and future additions may include variability of the first post 

pacing interval between consecutive bursts (39), analysis of atrial response patterns during 

and after ATP (40), response of arrhythmia to simultaneous RA and V pacing (41), and atrial 

impedence amplitude during the cardiac cycle (42). 

 

However, minimising ICD shocks requires good patient management on a number of levels, 

from patient selection to general medical care, including preventing electrolyte abnormalities, 

preventing ischemia and treating heart failure, the use of pharmacological and interventional 

therapy and choosing the appropriate device and algorithms for that individual. The 

EMPIRIC trial showed that empiric vs physician tailored ICD programming was associated 

with a lower percentage of SVT episodes resulting in shock with similar percentages of 

VTVF episodes results in shock (32). This might suggest that a ‘one size fits all’ policy 

should be adopted; however it may simply be a reflection of the fact that physicians may not 

have familiarity of the ICD parameters available. We would suggest that in order to best 

reduce inappropriate shocks, a detailed knowledge and use of all programming options is 

required, and that characteristics of each patient should be taken into account.  

 

 

References 
 

1.  Lee SW, Moak JP, Lewis B. Inadvertent detection of 60-Hz alternating current by an 

implantable cardioverter defibrillator. Pacing Clin Electrophysiol PACE. 2002 Apr;25(4 

Pt 1):518–9.  

2.  Garg A, Wadhwa M, Brown K, Luckett C, Vaughn T, Birgersdotter-Green U, et al. 

Inappropriate implantable cardioverter defibrillator discharge from sensing of external 

alternating current leak. J Interv Card Electrophysiol Int J Arrhythm Pacing. 2002 

Oct;7(2):181–4.  

3.  Knight HM, Cakebread HE, Gajendragadkar PR, Duehmke RM. Sleeping with the 

fishes: electromagnetic interference causing an inappropriate implantable cardioverter 

defibrillator shock. BMJ Case Rep. 2014 May 30;2014.  

4.  Investigators TA versus ID (AVID). A Comparison of Antiarrhythmic-Drug Therapy 

with Implantable Defibrillators in Patients Resuscitated from Near-Fatal Ventricular 

Arrhythmias. N Engl J Med. 1997 Nov 27;337(22):1576–84.  

5.  Connolly SJ, Gent M, Roberts RS, Dorian P, Roy D, Sheldon RS, et al. Canadian 

Implantable Defibrillator Study (CIDS). Circulation. 2000 Mar 21;101(11):1297–302.  



6.  Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H, et al. Improved 

Survival with an Implanted Defibrillator in Patients with Coronary Disease at High Risk 

for Ventricular Arrhythmia. N Engl J Med. 1996 Dec 26;335(26):1933–40.  

7.  Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, et al. Prophylactic 

Implantation of a Defibrillator in Patients with Myocardial Infarction and Reduced 

Ejection Fraction. N Engl J Med. 2002 Mar 21;346(12):877–83.  

8.  Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al. Amiodarone or 

an Implantable Cardioverter–Defibrillator for Congestive Heart Failure. N Engl J Med. 

2005 Jan 20;352(3):225–37.  

9.  Mark DB, Anstrom KJ, Sun JL, Clapp-Channing NE, Tsiatis AA, Davidson-Ray L, et 

al. Quality of life with defibrillator therapy or amiodarone in heart failure. N Engl J 

Med. 2008 Sep 4;359(10):999–1008.  

10.  Prudente LA. Phantom shock in a patient with an implantable cardioverter defibrillator: 

case report. Am J Crit Care Off Publ Am Assoc Crit-Care Nurses. 2003 Mar;12(2):144–

6.  

11.  Schron EB, Exner DV, Yao Q, Jenkins LS, Steinberg JS, Cook JR, et al. Quality of life 

in the antiarrhythmics versus implantable defibrillators trial: impact of therapy and 

influence of adverse symptoms and defibrillator shocks. Circulation. 2002 Feb 

5;105(5):589–94.  

12.  Vollmann D, Lüthje L, Vonhof S, Unterberg C. Inappropriate therapy and fatal 

proarrhythmia by an implantable cardioverter-defibrillator. Heart Rhythm. 2005 Mar 

1;2(3):307–9.  

13.  Poole JE, Johnson GW, Hellkamp AS, Anderson J, Callans DJ, Raitt MH, et al. 

Prognostic importance of defibrillator shocks in patients with heart failure. N Engl J 

Med. 2008 Sep 4;359(10):1009–17.  

14.  Daubert JP, Zareba W, Cannom DS, McNitt S, Rosero SZ, Wang P, et al. Inappropriate 

implantable cardioverter-defibrillator shocks in MADIT II: frequency, mechanisms, 

predictors, and survival impact. J Am Coll Cardiol. 2008 Apr 8;51(14):1357–65.  

15.  Koneru JN, Swerdlow CD, Wood MA, Ellenbogen KA. Minimizing inappropriate or 

“unnecessary” implantable cardioverter-defibrillator shocks: appropriate programming. 

Circ Arrhythm Electrophysiol. 2011 Oct;4(5):778–90.  

16.  Bänsch D, Steffgen F, Grönefeld G, Wolpert C, Böcker D, Mletzko R-U, et al. The 1+1 

Trial. Circulation. 2004 Aug 31;110(9):1022–9.  

17.  Brugada J, Mont L, Ftgueiredo M, Valentino M, Matas M, Navarro-López F. Enhanced 

Detection Criteria in Implantable Defibrillators. J Cardiovasc Electrophysiol. 1998 Mar 

1;9(3):261–8.  

18.  Schaumann A, von zur Mühlen F, Gonska BD, Kreuzer H. Enhanced detection criteria 

in implantable cardioverter-defibrillators to avoid inappropriate therapy. Am J Cardiol. 

1996 Sep 12;78(5A):42–50.  



19.  Swerdlow CD, Chen PS, Kass RM, Allard JR, Peter CT. Discrimination of ventricular 

tachycardia from sinus tachycardia and atrial fibrillation in a tiered-therapy cardioverter-

defibrillator. J Am Coll Cardiol. 1994 May;23(6):1342–55.  

20.  Weber M, Böcker D, Bänsch D, Brunn J, Castrucci M, Gradaus R, et al. Efficacy and 

safety of the initial use of stability and onset criteria in implantable cardioverter 

defibrillators. J Cardiovasc Electrophysiol. 1999 Feb;10(2):145–53.  

21.  Kettering K, Dörnberger V, Lang R, Vonthein R, Suchalla R, Bosch RF, et al. Enhanced 

Detection Criteria in Implantable Cardioverter Defibrillators: Sensitivity and Specificity 

of the Stability Algorithm at Different Heart Rates. Pacing Clin Electrophysiol. 2001 

Sep 1;24(9):1325–33.  

22.  Klein GJ, Gillberg JM, Tang A, Inbar S, Sharma A, Unterberg-Buchwald C, et al. 

Improving SVT Discrimination in Single-Chamber ICDs: A New Electrogram 

Morphology-Based Algorithm. J Cardiovasc Electrophysiol. 2006 Dec 1;17(12):1310–9.  

23.  Boriani G, Occhetta E, Pistis G, Menozzi C, Jorfida M, Sermasi S, et al. Combined Use 

of Morphology Discrimination, Sudden Onset, and Stability as Discriminating 

Algorithms in Single Chamber Cardioverter Defibrillators. Pacing Clin Electrophysiol. 

2002 Sep 1;25(9):1357–66.  

24.  Theuns DAMJ, Rivero-Ayerza M, Goedhart DM, Perk R van der, Jordaens LJ. 

Evaluation of morphology discrimination for ventricular tachycardia diagnosis in 

implantable cardioverter-defibrillators. Heart Rhythm. 2006 Nov 1;3(11):1332–8.  

25.  Grünefeld GC, Schulte B, Hohnloser SH, Trappe H-J, Korte T, Stellbrink C, et al. 

Morphology Discrimination: A Beat-to-Beat Algorithm for the Discrimination of 

Ventricular from Supraventricular Tachycardia by Implantable Cardioverter 

Defibrillators. Pacing Clin Electrophysiol. 2001 Oct 1;24(10):1519–24.  

26.  Aliot E, Nitzsché R, Ripart A. Arrhythmia detection by dual-chamber implantable 

cardioverter defibrillators. Europace. 2004 Jan 1;6(4):273–86.  

27.  Wilkoff BL, Kühlkamp V, Volosin K, Ellenbogen K, Waldecker B, Kacet S, et al. 

Critical Analysis of Dual-Chamber Implantable Cardioverter-Defibrillator Arrhythmia 

Detection. Circulation. 2001 Jan 23;103(3):381–6.  

28.  Vardas PE, Auricchio A, Blanc J-J, Daubert J-C, Drexler H, Ector H, et al. Guidelines 

for cardiac pacing and cardiac resynchronization therapy. Europace. 2007 Oct 

1;9(10):959–98.  

29.  Theuns DAMJ, Rivero-Ayerza M, Boersma E, Jordaens L. Prevention of inappropriate 

therapy in implantable defibrillators: A meta-analysis of clinical trials comparing single-

chamber and dual-chamber arrhythmia discrimination algorithms. Int J Cardiol. 2008 

Apr 25;125(3):352–7.  

30.  Deisenhofer I, Kolb C, Ndrepepa G, Schreieck J, Karch M, Schmieder S, et al. Do 

current dual chamber cardioverter defibrillators have advantages over conventional 

single chamber cardioverter defibrillators in reducing inappropriate therapies? A 

randomized, prospective study. J Cardiovasc Electrophysiol. 2001 Feb;12(2):134–42.  



31.  Bailin SJ, Niebauer M, Tomassoni G, Leman R, Photon Investigators. Clinical 

investigation of a new dual-chamber implantable cardioverter defibrillator with 

improved rhythm discrimination capabilities. J Cardiovasc Electrophysiol. 2003 

Feb;14(2):144–9.  

32.  Wilkoff BL, Ousdigian KT, Sterns LD, Wang ZJ, Wilson RD, Morgan JM, et al. A 

comparison of empiric to physician-tailored programming of implantable cardioverter-

defibrillators: results from the prospective randomized multicenter EMPIRIC trial. J Am 

Coll Cardiol. 2006 Jul 18;48(2):330–9.  

33.  Rauwolf T, Guenther M, Hass N, Schnabel A, Bock M, Braun MU, et al. Ventricular 

oversensing in 518 patients with implanted cardiac defibrillators: incidence, 

complications, and solutions. Europace. 2007 Nov 1;9(11):1041–7.  

34.  Occhetta E, Bortnik M, Magnani A, Francalacci G, Marino P. Inappropriate implantable 

cardioverter-defibrillator discharges unrelated to supraventricular tachyarrhythmias. 

Europace. 2006 Oct 1;8(10):863–9.  

35.  Gunderson BD, Abeyratne AI, Olson WH, Swerdlow CD. Effect of Programmed 

Number of Intervals to Detect Ventricular Fibrillation on Implantable Cardioverter-

Defibrillator Aborted and Unnecessary Shocks. Pacing Clin Electrophysiol. 2007 Feb 

1;30(2):157–65.  

36.  Wathen MS, Sweeney MO, DeGroot PJ, Stark AJ, Koehler JL, Chisner MB, et al. 

Shock Reduction Using Antitachycardia Pacing for Spontaneous Rapid Ventricular 

Tachycardia in Patients With Coronary Artery Disease. Circulation. 2001 Aug 

14;104(7):796–801.  

37.  Luceri RM, Habal SM, David IB, Puchferran RL, Muratore C, Rabinovich R. Changing 

Trends in Therapy Delivery with a Third Generation Noncommitted Implantable 

Defibrillator: Results of a Large Single Center Clinical Trial. Pacing Clin 

Electrophysiol. 1993 Jan 1;16(1):159–64.  

38.  Wathen MS, DeGroot PJ, Sweeney MO, Stark AJ, Otterness MF, Adkisson WO, et al. 

Prospective Randomized Multicenter Trial of Empirical Antitachycardia Pacing Versus 

Shocks for Spontaneous Rapid Ventricular Tachycardia in Patients With Implantable 

Cardioverter-Defibrillators. Circulation. 2004 Oct 26;110(17):2591–6.  

39.  Arenal A, Ortiz M, Peinado R, Merino JL, Quesada A, Atienza F, et al. Differentiation 

of ventricular and supraventricular tachycardias based on the analysis of the first 

postpacing interval after sequential anti-tachycardia pacing in implantable cardioverter-

defibrillator patients. Heart Rhythm. 2007 Mar 1;4(3):316–22.  

40.  Ridley DP, Gula LJ, Krahn AD, Skanes AC, Yee R, Brown ML, et al. Atrial Response 

to Ventricular Antitachycardia Pacing Discriminates Mechanism of 1:1 Atrioventricular 

Tachycardia. J Cardiovasc Electrophysiol. 2005 Jun 1;16(6):601–5.  

41.  Saba S, Baker L, Ganz L, Barrington W, Jain S, Ngwu O, et al. Simultaneous Atrial and 

Ventricular Anti-Tachycardia Pacing as a Novel Method of Rhythm Discrimination. J 

Cardiovasc Electrophysiol. 2006 Jul 1;17(7):695–701.  



42.  Schmidt B, Asbach S, Schweika O, Zehender M, Bode C, Faber TS. Atrial fibrillation 

reduces the atrial impedance amplitude during cardiac cycle: a novel detection 

algorithm to improve recognition of atrial fibrillation in pacemaker patients. Eur Eur 

Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell 

Electrophysiol Eur Soc Cardiol. 2007 Sep;9(9):812–6.  

 


