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Introduction
The electrocardiographic (ECG) left bundle branch block (LBBB) 

pattern may result from complete block in the proximal compact left 
bundle branch (LBB), complete block in the ‘distal’ LBB (without 
involving the septal fibers) or slow conduction in the LBB without 
actual block. 1-2 Patients with LBBB may develop transient complete 
heart block (CHB) during right heart catheterization 3-4. CHB in this 
scenario results from catheter trauma to the right bundle branch (RBB) 
leading to infra His conduction block. The occurrence of transient 
CHB in response to RBB trauma indicates that the LBBB is complete 
without residual septal fiber or slow conduction. These patients could 
conceivably carry a higher risk of long-term spontaneous heart block 
as only a single fascicle, the RBB, is available for atrioventricular 
conduction. We studied the long-term outcomes of LBBB patients who 
developed catheter induced CHB during right heart catheterization.

Material and Methods
Nineteen consecutive patients with LBBB undergoing 

electrophysiology study (EPS) or cardiac implantable electronic device 
(CIED) implantation between January 2002 and February 2007 who 
developed transient complete heart block related to catheter trauma to 
the RBB were evaluated.Complete heart block was considered transient 
if it resolved intraoperatively. LBBB was defined as QRS duration of 
≥120 ms, rS or QS deflection in lead V1, and slurred broad R waves in 
ECG leads I, aVL and V62. Patients with Q waves in the lateral leads 
were included. Long-term outcome data were obtained by reviewing 
the clinic records for ECGs, clinical histories and CIED interrogations. 
The date of progression was documented in those developing CHB or 
Mobitz 2 AV block if progression was evident during routine device 
interrogation when assessing the underlying rhythm. Five patients 
were excluded: 3 were lost to follow up, 1died 2 months after procedure, 
and 1 had AVJ ablation 6 months after the procedure. This study was 
approved by the Ascension St. Vincent IRB and received appropriate 
ethical oversight.

Electrophysiology study
Electrophysiology study was performed using quadripolar recording 

electrodes positioned at the high right atrium, bundle of His, and 
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Abstract
Background: Patients with left bundle branch block (LBBB) undergoing right heart catheterization can develop complete heart block (CHB) 

in response to right bundle branch trauma. Although catheter trauma related heart block is transient, it is unknown if such patients are at 
increased risk of clinical heart block during long term follow-up. 

Methods: We evaluated the long-term outcomes of 19 consecutive patients with LBBB developing transient CHB between 1/2002 and 
2/2007 during right heart catheterization (electrophysiology study or device implantation). Cardiac implantable electronic device (CIED) 
records and electronic medical records were reviewed. Five patients were excluded: 3 lost to follow up, 1 died 2 months after procedure and 
1 had AVJ ablation 6 months after procedure. 

Results: 14 patients were followed for a median of 14 years (interquartile range [IQR] 5.7 – 15.7). Thirteen patients (92.9%) had CIED 
implantations. Six patients (42.9%) developed spontaneous CHB during a median follow-up of 14 years (IQR 13.4 – 16.4). Eight patients 
(57.1%) had documented intact AV conduction. 

Conclusions: Transient catheter induced CHB during right heart catheterization in patients with LBBB may indicate a high risk of 
spontaneous clinical heart block during long term follow up.  
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right ventricular apex after obtaining informed consent. The surface 
ECG and intracardiac electrograms were continuously recorded. 
The intracardiac electrograms were filtered at 40 Hz and 500 Hz and 
displayed with amplifier settings of + 0.5 mV to + 1.0 mV. During 
device implantations, intracardiac intervals were not documented. 
Standard 12 lead ECGs obtained immediately before the procedures 
were evaluated for PR interval, QRS duration and axis, and q waves 
in leads I, aVL, V5 and V6 were recorded.  LBBB was defined in 
accordance with published criteria 5 with the exception that, for LBBB, 
q waves in ECG leads I, V5 and V6 were permitted.

Data Analysis
All ECG and intracardiac measurements were made by two 

electrophysiologists.Categorical variables are expressed as number and 
percentage of the cohort while the continuous variables are expressed 
as median with interquartile range (IQR). Comparisons of variables 
between the study groups was not performed given the low number of 
patients in each group.

Results
The median age was 69 years ([IQR63 – 75.5), and 8 of 14 (57.1%) 

were female.Key clinical and electrophysiologic features of study 
patients are summarized in Table 1.The median QRS duration was 
146.5 ms (IQR 140 – 160) with a range between 120 and 180 ms. The 
median HV interval (recorded in 10 patients) was 63 ms (IQR 46–75.5) 
and ranged between 48 ms to 128 ms. Seven of the 10 (70%) recorded 
HV intervals was > 55 ms in duration. Intracardiac electrograms were 
recorded only in 6 patients during CHB due to catheter location at 
the time of the incident; all 6 demonstrated intra His block (Figure 1). 
The median time to complete heart block was 5.9 (1.34 – 10.5) years.

Long-term outcomes
The median follow-up period was 14 years(IQR 5.7 – 15.7). Six of 

14 patients (42.9%) developed spontaneous CHB during follow-up. 
The temporal course of development of CHB in each patient is shown 
in Figure 2. Two patients (14.3%) presented with syncope leading to 

CHB diagnosis and 4 (28.6%) were first identified during evaluation of 
underlying rhythm during device interrogations. All events were CHB 
and no Mobitz 2 heart block events were noted. Data of individual 
patients are summarized in Table 2. The clinical and electrophysiologic 
characteristics of patients who developed CHB are compared with 
those who maintained AV conduction at long term follow up are 
compared in Table 3. Comparisons of variables between the study 
groups was not performed given the low number of patients in each 
group. However, those that developed CHB had a higher ejection 
fraction, longer HV interval and longer follow-up duration.

Discussion
A significant percent (6 of 14, 42.9%) of catheter induced transient 

CHB patients in this study developed spontaneous CHB during long 
term follow-up. When compared with historic controls of chronic 
bundle branch block patients where spontaneous CHB occurs in <1% 
per year6-7, our study with 42.9% incidence occurring at a median 
follow-up of 14 years is high. It is unclear if this difference can be 
in part related to the selected population of patients undergoing EP 
study or biventricular device implantations we studied. Pre procedure 
syncope was present only in one patient that developed CHB during 
follow-up. HV intervals for those with CHB ranged from 48 - 128 ms 
with a median interval of 70 ms.

Catheter trauma related heart block typically resolves spontaneously 
and is not an indication for permanent pacing.  The high percent of 
long-term heart block in this patient population suggests that the 
event may sub-select a group of LBBB patients at higher risk of heart 
block compared with unselected LBBB patients. Left bundle branch 
block patients developing transient CHB could carry a higher risk of 
long-term spontaneous heart block because they likely have complete 
conduction block in the LBB and only a single conducting fascicle, 
the RBB. If the LBBB pattern was due to slow conduction in the 
LBB or distal LBBB with surviving septal fibers, catheter trauma to 
the RBB would have resulted in a RBBB pattern rather than CHB8. 
Additionally, catheter induced RBBB could potentially identify a subset 
of patients with a more superficial and/or thinner RBB—possibly more 
vulnerable to disease processes causing RBBB and complete heart 
block. Although our follow-up period was long (median of 14 years 
[IQR 5.7 – 15.7]), the relatively small number of patients and events 

Figure 1:

Intracardiac Electrogram Revealing Catheter Induced Complete 
Heart Block. The surface electrocardiogram shows sinus 
rhythm and left bundle branch block (LBBB) on the first beat. 
Subsequently, P waves are not followed by QRS complexes and 
the intracardiac electrograms reveal atrial signal (A) followed by 
His signal (H) and no ventricular signal (V). This indicates block 
within the His. Abbreviations: HBED – His bundle electrogram 
distal, HBEP – His bundle electrogram proximal.

Table 1:

Clinical Characteristics. Frequencies are displayed as number with 
percentage or median with interquartile range. Abbreviations: 
CHB – complete heart block, CIED – cardiac implantable electronic 
device, EF – ejection fraction.

Age (years) 69 (63 - 75.5)

Gender (female) 8 (57.1%)

Congestive Heart Failure 10 (71.4%)

Syncope 5 (35.7%)

CIED 13 (92.9%)

CHB 6 (42.9%)

QRS (ms) 146.5 (140 - 160)

HV (ms) 63 (46 - 75.5)

EF (%) 35 (18.75 - 46.5)

Follow-up (years) 14 (5.7 - 15.7)

Time to CHB (years) 5.9 (1.34 - 10.5)
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precludes drawing definitive conclusions regarding risk of long-term 
CHB. However, these data suggest it may be prudent to follow-up these 
patients clinically for future development of heart block. 

The study cohort is relatively small due to the low incidence of 
catheter related CHB even after including all patients developing 
transient CHB between 2003 and 2007. Evaluation of a larger group 
could better define the incidence of long term CHB in this group 
of patients.The results may not be applicable to all LBBB patients 
because patients undergoing EP study or device implantation may 
have clinical profiles already predicting higher risk for future heart 
block events. Specific cardiomyopathies associated with higher risk 
of progression to complete heart block are not identified in this study. 
The injury to the RBB may be operator dependent and more aggressive 
catheter manipulations in the His bundle region may increase the 
risk of transient heart block.The risk of long-term CHB may be 
underestimated because many of our study patients underwent CIED 
implantations. Patients who underwent pacemaker or ICD procedures 
(6 of 14) may not have developed symptoms during intermittent heart 
block events and the events could go undetected. Progression to CHB 
was determined during routine CIED interrogations when evaluating 
the underlying rhythm and intermittent CHB or Mobitz 2 AV block 
may go undiagnosed in such patients and would only be identified if it 
was present during device interrogation.

Conclusions
Transient catheter induced complete heart block during right heart 

catheterization in patients with LBBB may identify a higher risk cohort 
who develop spontaneous clinical heart block during long term follow 
up.  

Table 2:
Individual Characteristics. Abbreviations: CHB – complete heart block, CIED – cardiac implantable electronic device, CRT – cardiac 
resynchronization therapy, EPS – electrophysiology study, NSVT – non-sustained ventricular tachycardia, PPM – permanent pacemaker, SVT 
– supraventricular tachycardia.

Study ID Follow-up 
(years)

Cardiomyopathy Procedure QRS duration
(ms)

HV (ms) Age Gender Ejection 
Fraction (%)

Syncope CIED 
implant

Developed 
CHB

Time to CHB 
(years)

1 11.0 NICMO EPS and PPM 140 80 63 Female 45 Yes Yes No

2 7.5 ICMO CRT 135 - 78 Female 10 No Yes No

3 14.0 NICMO EPS and CRT 160 74 75 Female 35 No Yes Yes 12.6

4 14.4 ICMO EPS and CRT 140 40 62 Female 15 Yes Yes No

5 3.5 NICMO CRT 163 - 77 Male 15 No Yes No

6 15.3 ICMO EPS and CRT 143 74 63 Male 30 No Yes Yes 15.0

7 12.9 N/A EPS for NSVT 140 128 67 Male 55 No Yes Yes 5.8

8 3.8 ICMO EPS for 
Syncope

168 60 71 Male 30 Yes Yes No

9 14.1 N/A EPS for SVT 150 48 67 Female 45 No Yes Yes 2.4

10 15.2 N/A EPS for 
syncope

160 56 84 Male 51 Yes Yes Yes 0.3

11 17.6 N/A EPS for 
syncope

120 66 64 Female 55 Yes Yes Yes 8.4

12 1.8 NICMO EPS and CRT 180 - 71 Female 20 No Yes No

13 16.8 NICMO EPS for NSVT 160 40 72 Female 35 No No No

14 16.3 ICMO CRT 140 - 58 Male 35 No Yes No

Figure 2:

Time Course to Development of Complete Heart Block. 
This graphical representation depicts the probability of 
developing heart block over time expressed in years. 
Abbreviations are the same as Table 1.
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Table 3:
Clinical features. The baseline clinical characteristics of those 
that developed CHB and those with preserved atrioventricular 
conduction.

 Intact AV Conduction CHB

Age (years) 71 (62.3 - 75.8) 67 (63.8 - 77.3)

Gender (female) 3 (37.5%) 3 (50%)

Congestive Heart Failure 8 (100%) 2 (33.3%)

Syncope 3 (37.5%) 2 (33.3%)

CIED 7 (87.5%) 6 (100%)

QRS (ms) 150 (140 - 166) 147 (141 – 158)

HV (ms) 50 (40 - 75) 70 (54 - 87.5)

Ejection Fraction (%) 25 (15 - 35) 48 (33.75 - 55)

Follow-up (years) 9.2 (3.6 - 15.8) 14 (13.4 - 16.4)


