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PURPOSE OF STUDY (general) and AIMS (specific)

Previous case studies have shown that intracardiac lead thrombus can cause pulmonary
embolism (PE). (1) However, the incidence of new or worsening pulmonary
hypertension after cardiovascular implantable electronic devices (CIED) lead placement has
not been well investigated. Pulmonary hypertension after CIED implantation will subsequently
result in right heart failure and increase morbidity and mortality. This study is aimed to:

I. Determine the incidence and factors associated with development of pulmonary

hypertension and right ventricular dysfunction in patients with CIEDs.
II.  Determine the role of anticoagulation in the prevention of pulmonary hypertension in

patients with CIEDs.

4. BACKGROUND AND PRELIMINARY STUDIES:
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Cardiovascular implantable electronic devices (CIED) have been implanted transvenously for
nearly last five decades. Although these devices have been demonstrated to be lifesaving with
a good safety profile, these patients are at risk of developing venous complications. Venous
abnormalities on venous angiograms or doppler are seen in up to 23% of patients 1 year after
transvenous permanent pacemaker implantation.(1-3) Symptomatic venous thrombosis is
less common and complicates only 0-6% of all pacemaker implants.(1, 2, 4-7) Possible
causative factors include foreign body reaction, endothelial trauma and lead-related venous
flow obstruction and turbulence.(8) Thrombosis can cause local morbidity such as swelling
and pain and can also be a source of pulmonary embolism.(9, 10). Although venous
thrombosis may be easily recognized, intracardiac lead related thrombi may often be
asymptomatic and remain under recognized.(11) An intracardiac echocardiography based
study has demonstrated the high prevalence of intracardiac lead related thrombi.(11)
Similarly, an autopsy based study has shown that 14% of patients with pacemakers had right
atrial pacemakerl ead thrombosis at an average of 4 years post implantation.(12)
Furthermore, case studies have shown that intracardiac lead thrombus can cause pulmonary
embolism (PE) and develop subsequent right heart failure.(13-16) Although symptomatic PE
is uncommon, asymptomatic PE occurs with a greater frequency. Ventilation-perfusion
defects have been demonstrated to occur in 15% of patients within 14 days of pacemaker
implant.(17)

A recent study of data from an international prospective registry shows that only 74.8% of
patients with pulmonary hypretension (PH) have previously confirmed PE (18), suggesting a
role of sub-clinical pulmonary emboli in development of CTPH. PE results in increased
pulmonary vascular resistance due to unresolved embolic obstruction, fibrosis and
remodeling of pulmonary arterial branches. This may further present clinically as right heart
failure.(19) Right heart failure is the most common cause of hospitalization in patients with
pulmonary hypertension and is associated with a 14% in-hospital mortality rate.(20)
Although there are case reports demonstrating PM lead related thromboembolism(1, 3, 7,
11-14, 16, 21), there is a paucity of data evaluating the development of pulmonary
hypertension following pacemaker implantation. In view to this, we hypothesize the
development of CTPH secondary to subclinical pulmonary emboli. We propose to perform a

retrospective study to analyze the development of CTPH in chronically paced patients.
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5. SUBJECTS SELECTION AND EXCLUSION CRITERIA

Data will be obtained from an existing clinical database within the Centre for Heart Rhythm
Disorders. This will include case sheets, echocardiograms and device interrogation reports.

From this, we will establish a cohort of records of patients with CIEDs who underwent at least
two echocardiograms (first within 6 months and the second greater than 1 year following
implant). Similarly, a group of age-matched patients from patients without CIED who

underwent echocardiogram will be established to serve as controls.

6. STUDY PLAN AND DESIGN

Data will be taken from the records from Centre for Heart Rhythm Disorders. No contact will

be made with the participants as there will be no participant involvement.

Clinical notes and serial echocardiograms will be reviewed for both the study and control

groups.
Clinical parameters

Sex

Age

Height

Weight

Body surface area

Body mass index

N o v A~ w N oR

Atrial fibrillation

e Atrial fibrillation (AF) is a supraventricular tachyarrhythmia characterized by
incoordinated atrial activation with consequent deterioration of atrial
mechanical function. (22) On electrocardiogram, AF is characterized by
replacement of regular P waves with fibrillatory waves that vary in
morphology and an irregularly irregular R-R interval

e Paroxysmal AF is defined as recurrent AF that spontaneously terminates
within 7 days. Persistent AF is defined as AF that fails to spontaneously
resolve within 7 days or requires cardioversion. Chronic AF refers to

persistent AF that has lasted for over a year.
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8. Hypertension
e Blood pressure of over 140 mmHg systolic and 90 diastolic based upon an
average of readings over 2 or more visits after an initial screen (23)
9. Obstructive sleep apnea
e Sleep apnea is defined by reduction of >90% in airflow measured by a nasal
pressure transducer for at least 10 seconds accompanied by (a) a clear
reduction of >50% in a valid measure of breathing during sleep or (b) clear
reduction of breathing amplitude that is associated with either oxygen
desaturation of >3% or arousal. Sleep apnea is defined as obstructive if there
is sustained respiratory effort in the chest or abdominal bands. (24)
10. Diabetes
e Diagnosed by a random BGL of >11, a OGTT BGL of >11, fasting glucose of >7
11. Congestive heart failure
e Presence of clinical signs of heart failure or left ventricular ejection fraction
less than 40%
12. Ischemic heart disease
e A positive stress test or a coronary angiogram showing greater than 50%
stenosis of at least one coronary artery.
13. Anticoagulation status
e Warfarin, aspirin, novel anticoagulants

CIED parameters

Venous access route,

Number of leads- this will include any abandoned lead,

1.
2
3. Type of leads- silicon or polyurethane or composite,
4. Defibrillator or pacing lead,

5

Size of leads.

Echocardiographic parameters

1. Right atrial size
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e Right atrial size is calculated using the area-length method, the RA area is
calculated by measuring its chamber circumference on apical four chamber
view

2. Right ventricular size and function

e Right ventricular size is calculated by measuring the chamber’s minor and
major axis using the apical four chamber (A4C) view.

e RV fractional area change in A4C view.

3. Estimated pulmonary arterial pressure

¢ In the absence of right ventricular outlet tract obstruction or pulmonary
stenosis, the right ventricular systolic pressure (RVSP) and pulmonary artery
systolic pressure (PASP) are equal. RVSP will be calculated using peak
tricuspid regurgitation velocity and mean right atrial pressure.

e Right atrial pressure (RAP) is estimated by observation of the calibre and
reactivity of the inferior vena cava with respiration.

e Tricuspid regurgitation velocity (TRV) is estimated by measurement of pulse
wave Doppler at tricuspid regurgitation area

4. Presence of lead thrombus
5. Left atrial size

e Same as RA size calculation.
6. Left ventricular size and function

e Left ventricular end-diastolic and end-systolic volumes will be measured from
apical four and two chamber views using the Modified Simpson’s biplane
method.

From there, left ventricular volume and ejection fraction can be calculated.

7. OUTCOMES
The development of increased pulmonary or right atrial pressures, right atrial or ventricular
enlargement and changes in right ventricular function will be studied in the CEID and control

groups. Furthermore, whether anticoagulation is protective against development of these
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changes will be evaluated. The manuscript will be submitted for consideration of publication

in a peer reviewed journal.

8. ETHICAL CONSIDERATIONS

The study is retrospective in nature. Inform consent would not be obtained as it would not be
practical to obtain consent from the large number of potential participants in this research
and there will not be any identifiable data that could compromise the privacy of an individual
or their treating clinician. This research does not pose any risk to individuals involved but could

identify issues relevant to improving care delivery for patients with CIED.

9. SPECIFIC SAFETY

Not applicable.

10. DRUGS/DEVICES

Not applicable.

11. ANALYSIS AND REPORTING OF RESULTS

Normally distributed continuous data will be expressed as mean * standard deviation and
tested with unpaired t-tests between groups. Skewed distributions will be expressed as
median and inter-quartile and means tested using Mann-Whitney U.

This is a retrospective study and will be based on data collected from case sheets,
echocardiograms and pacemaker interrogation reports. No contact will be made with any
patient.

The data will be stored at the Centre of Heart Rhythm Disorders.

On completion, the manuscript will be submitted for publication in a pear review journal.

12. REFERENCES

1. van Rooden CJ, Molhoek SG, Rosendaal FR, Schalij MJ, Meinders AE, Huisman MV.

Incidence and risk factors of early venous thrombosis associated with permanent

Page 6



pacemaker leads. Journal of cardiovascular electrophysiology. 2004;15(11):1258-62. Epub
2004/12/03.

2. Goto Y, Abe T, Sekine S, Sakurada T. Long-term thrombosis after transvenous
permanent pacemaker implantation. Pacing and clinical electrophysiology : PACE.
1998;21(6):1192-5. Epub 1998/06/20.

3. Mandal S, Pande A, Mandal D, Kumar A, Sarkar A, Kahali D, et al. Permanent
pacemaker-related upper extremity deep vein thrombosis: a series of 20 cases. Pacing and
clinical electrophysiology : PACE. 2012;35(10):1194-8. Epub 2012/07/24.

4, Da Costa SS, Scalabrini Neto A, Costa R, Caldas JG, Martinelli Filho M. Incidence and
risk factors of upper extremity deep vein lesions after permanent transvenous pacemaker
implant: a 6-month follow-up prospective study. Pacing and clinical electrophysiology :
PACE. 2002;25(9):1301-6. Epub 2002/10/17.

5. Antonelli D, Turgeman Y, Kaveh Z, Artoul S, Rosenfeld T. Short-term thrombosis after
transvenous permanent pacemaker insertion. Pacing and clinical electrophysiology : PACE.
1989;12(2):280-2. Epub 1989/02/01.

6. Zuber M, Huber P, Fricker U, Buser P, Jager K. Assessment of the subclavian vein in
patients with transvenous pacemaker leads. Pacing and clinical electrophysiology : PACE.
1998;21(12):2621-30. Epub 1999/01/23.

7. Bracke F, Meijer A, Van Gelder B. Venous occlusion of the access vein in patients
referred for lead extraction: influence of patient and lead characteristics. Pacing and clinical
electrophysiology : PACE. 2003;26(8):1649-52. Epub 2003/07/25.

8. Spittell PC, Hayes DL. Venous complications after insertion of a transvenous
pacemaker. Mayo Clinic proceedings Mayo Clinic. 1992;67(3):258-65. Epub 1992/03/01.

9. Prozan GB, Shipley RE, Madding GF, Kennedy PA. Pulmonary thromboembolism in
the presence of an endocardiac pacing catheter. JAMA : the journal of the American Medical
Association. 1968;206(7):1564-5. Epub 1968/11/11.

10. Pasquariello JL, Hariman RJ, Yudelman IM, Feit A, Gomes JA, El-Sherif N. Recurrent
pulmonary embolization following implantation of transvenous pacemaker. Pacing and
clinical electrophysiology : PACE. 1984;7(5):790-3. Epub 1984/09/01.

11. Supple GE, Ren JF, Zado ES, Marchlinski FE. Mobile thrombus on device leads in

patients undergoing ablation: identification, incidence, location, and association with

Page 7



increased pulmonary artery systolic pressure. Circulation. 2011;124(7):772-8. Epub
2011/07/27.

12. Novak M, Dvorak P, Kamaryt P, Slana B, Lipoldova J. Autopsy and clinical context in
deceased patients with implanted pacemakers and defibrillators: intracardiac findings near
their leads and electrodes. Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias, and
cardiac cellular electrophysiology of the European Society of Cardiology. 2009;11(11):1510-
6. Epub 2009/08/18.

13. Silva Marques J, Varela MG, Ferreira R, Nobre A, AlImeida AG, de Sousa J. Intracardiac
sterile pacemaker lead thrombosis. Revista espanola de cardiologia. 2012;65(2):193-4. Epub
2011/07/26.

14. Sbragia P, Nait-Saidi L, Trigano JA, Saadjian A, Barnay P, Levy S. Intra-atrial
thrombosis and pulmonary embolism complicating pacemaker leads for cardiac
resynchronization therapy. Journal of interventional cardiac electrophysiology : an
international journal of arrhythmias and pacing. 2003;9(1):25-7. Epub 2003/09/17.

15. Porath A, Avnun L, Hirsch M, Ovsyshcher I. Right atrial thrombus and recurrent
pulmonary emboli secondary to permanent cardiac pacing--a case report and short review
of literature. Angiology. 1987;38(8):627-30. Epub 1987/08/01.

16. Karavidas A, Lazaros G, Matsakas E, Kouvousis N, Samara C, Christoforatou E, et al.
Early pacemaker lead thrombosis leading to massive pulmonary embolism.
Echocardiography (Mount Kisco, NY). 2004;21(5):429-32. Epub 2004/06/24.

17. Seeger W, Scherer K. Asymptomatic pulmonary embolism following pacemaker
implantation. Pacing and clinical electrophysiology : PACE. 1986;9(2):196-9. Epub
1986/03/01.

18. Pepke-Zaba J, Delcroix M, Lang |, Mayer E, Jansa P, Ambroz D, et al. Chronic
thromboembolic pulmonary hypertension (CTEPH): results from an international
prospective registry. Circulation. 2011;124(18):1973-81. Epub 2011/10/05.

19. Bonderman D, Wilkens H, Wakounig S, Schafers HJ, Jansa P, Lindner J, et al. Risk
factors for chronic thromboembolic pulmonary hypertension. The European respiratory
journal : official journal of the European Society for Clinical Respiratory Physiology.

2009;33(2):325-31. Epub 2008/09/19.

Page 8



13.

20. Campo A, Mathai SC, Le Pavec J, Zaiman AL, Hummers LK, Boyce D, et al. Outcomes
of hospitalisation for right heart failure in pulmonary arterial hypertension. The European
respiratory journal : official journal of the European Society for Clinical Respiratory
Physiology. 2011;38(2):359-67. Epub 2011/02/12.

21. Udo EO, Zuithoff NP, van Hemel NM, de Cock CC, Hendriks T, Doevendans PA, et al.
Incidence and predictors of short- and long-term complications in pacemaker therapy: the
FOLLOWPACE study. Heart Rhythm. 2012;9(5):728-35. Epub 2011/12/21.

22. Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, et al.
ACC/AHA/ESC 2006 Guidelines for the Management of Patients with Atrial Fibrillation: a
report of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines and the European Society of Cardiology Committee for Practice
Guidelines (Writing Committee to Revise the 2001 Guidelines for the Management of
Patients With Atrial Fibrillation): developed in collaboration with the European Heart
Rhythm Association and the Heart Rhythm Society. Circulation. 2006;114(7):e257-354. Epub
2006/08/16.

23. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, lzzo JL, Jr., et al. The
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the INC 7 report. JAMA : the journal of the American
Medical Association. 2003;289(19):2560-72. Epub 2003/05/16.

24. Dimitri H, Ng M, Brooks AG, Kuklik P, Stiles MK, Lau DH, et al. Atrial remodeling in
obstructive sleep apnea: implications for atrial fibrillation. Heart Rhythm. 2012;9(3):321-7.
Epub 2011/10/22.

OTHER RELEVANT INFORMATION

14.

Nil.

RESOURCE CONSIDERATIONS

A)
1. Staffing (own and other Departments): Research students

2. Facilities (own and other Departments): Cardiovascular centre
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3. Goods and services: No additional cost is expected as the study is only a retrospective
data collection. However, if need be, it will be covered by the departmental funds.

4. Investigations to be undertaken (involvement of other Functional Units): None

5. Any other cost implication of the protocol: No cost incurred related to the study

6. Support available (financial and other) or requested to offset costs of project: This study
will be initially funded by available research funds. It is anticipated that after collection
of preliminary data, competitive funding will be sought.

7. The research aspects of the study will not lead to any increased cost to the patients or

to Medicare.

B)

Medical Records required: Yes.

14. FINANCIAL STATEMENT

There is no commercial involvement and no financial interest with respect to any of the

investigators as a result of this study.
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