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Background: Left bundle branch pacing (LBBP) is a novel physiological pacing
and previous studies have confirmed the feasibility and safety of it. The incidence
of complications in LBBP is relatively low as reported. Here we present a case of
interventricular septal hematoma complicating LBBP lead implantation.

Case summary: L[ BBP was achieved for treatment of high-grade atrioventricular
block in a 67-year-old female. Chest pain began 1h after implantation when the
electrocardiogram showed ST-T changes. Then bedside echocardiography confirmed
the formation of interventricular septal hematoma. Urgent coronary angiography showed
the contrast agent retention and overflow in the interventricular septum. The symptom
was relieved half an hour later. Echocardiogram performed 2 h later revealed the size of
the hematoma was the same as before. The electrocardiography, coronary angiography
and CTA confirmed the resolution of the hematoma at 1-month follow-up. Pacing
parameters and cardiac function remained stable during 6-month follow-up.

Conclusion: This is the first reported case describing the clinic features and
management of interventricular septum hematoma complicating LBBP. The importance
of routine echocardiograms after implantation for identifying the hematoma should
be highlighted.

Keywords: left bundle branch pacing, interventricular septal hematoma, cardiac pacing, His bundle pacing,
complication

INTRODUCTION

His-Purkinje conduction system pacing allows the most physiological left ventricular activation
by capturing the conduction bundle and improve clinical outcomes (1, 2). But His bundle pacing
(HBP) is limited by a high and unstable threshold, technical difficulties and relatively low success
rates (3). Left bundle branch pacing (LBBP) holds promise as a novel modality for physiological
pacing that can achieve low and stable pacing parameters and low incidence of complications
(4, 5). Here we report a case of the interventricular septal hematoma complicating LBBP lead
implantation which has not been reported before.
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A 67-year-old female presenting with dizziness was diagnosed
with high-degree atrioventricular block (Figure 2A) and referred
for pacemaker implantation in August 2020. Her medical
history showed hypertension and previous stent implantation
for the treatment of left anterior descending artery stenosis with
long-term clopidogrel medication. The intracardiac electrogram
showed infra-Hisian block, and the His bundle capture threshold
was 5 V/0.5 ms. Then, we performed left bundle branch pacing.
The lead was advanced into the LBB area located below
the septal tricuspid valve. The procedural steps for delivering
LBBP and detailed criteria to confirm LBB capture have been
described previously, the key point of which is to screw deep
enough into the septum (4, 6, 7). At the site A, we failed
to capture the LBB (Figures 1A,B) even when we tried to
screw deeper where we recorded a smaller LBB potential.
Then the lead was moved inferiorly and posteriorly to the site
B, LBBP was finally successfully achieved with a larger LBB
potential and pacing threshold of 0.5 V/0.5ms (Figures 1C,D).
One hour after the operation, the patient complained of
chest pain, and her blood pressure decreased from 131/72
to 96/57 mmHg. The ST-segment depression was recorded
during intrinsic rhythm by programming the device to a lower
pacing rate (Figure 2B) and pacing parameters remained stable.
The bedside echocardiogram revealed an interventricular septal
hematoma measuring 8 mm in width without pericardial effusion
(Figure 3A). Immediate coronary angiography demonstrated
contrast agent overflow and retention in the interventricular

septum (IVS) (Figure 3B). The symptoms were relieved quickly,
and her blood pressure increased with a normalized ST segment
half an hour later (Figure 2C). An echocardiogram was taken
again 2h later, and hematoma progression was not observed.
Six hours after implantation, the troponin I level increased from
0.004 to 32.589 pg/L. The next day, computed tomography
angiography (CTA) showed a hematoma in the basal segment
of the IVS (Figure4A). After 1 month, echocardiography,
CTA confirmed the hematoma had resolved (Figures 3C, 4B).
No contrast agent overflow was found in the interventricular
septum (Figure 3D) at 1-month follow-up. At 1, 3, and 6
months after implantation, the pacing parameters and LVEF
remained stable.

DISCUSSION

HBP is an ideal strategy to achieve physiological pacing
and has been shown to be effective in delivering cardiac
resynchronization therapy and improving clinical outcomes (1).
With the advancement of technique and devices, the success rate
of HBP has significantly improved (8) but is still relatively lower
in patients with infranodal block (3). LBBP is a novel pacing
strategy with a low and stable threshold firstly reported by Huang
et al. (9), which overcomes the limitation of HBP. In infranodal
block, LBBP can pace distal to the site of the block with a high
success rate and favorable clinical findings (10). Previous studies
showed LBBP could improve clinical outcomes in heart failure
patients with LBBB (5, 11) and achieve similar improvements
in LV function comparable with HBP in patients with CRT
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FIGURE 1 | (A) Fluoroscopic images at RAO 30° and LAO 30° at the site A which represents where the pacing lead got for the first time. (B) The LBB potential noted
and the characteristics of paced QRS morphology at the site A. (C) Fluoroscopic images at RAO 30° and LAO 30° at the site B. (D) The LBB potential noted, the
characteristics of paced QRS morphology and ventricular COIl at the site B. RAO, right anterior oblique; LAO, left anterior oblique; LBB, left bundle branch; COlI,
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FIGURE 2 | (A) ECG during intrinsic rhythm. (B) ECG recorded when chest pain occurred. (C) ECG recorded when chest pain was relieved. ECG, electrocardiogram.

indications (5). Recently, a large-scale study has demonstrated
LBBP appearing to be a reliable method to achieve satisfying
clinical outcomes regardless of pacing indication (12). The low
incidence of complications related to LBBP has been confirmed
(13), even though complications such as septal perforation and
coronary artery injury have been reported (14, 15). Such a large
interventricular septal hematoma has not been reported before.

Septal hematoma may occur after coronary intervention
treatment, catheter ablation in the interventricular septum,
cardiac surgery and chest trauma. The etiology of septal
hematoma is unclear and possible explanation is that the
injury to the septal perforating arterial branch during the
procedure leads to hematoma formation (16). Septal hematoma
is a rare complication, but it may result in outflow tract
obstruction, conduction abnormalities and cardiac tamponade,
which requires immediate cardiac intervention.

Patients with interventricular septal hematoma can present
with chest tightness, dyspnea or heart failure symptoms.
Electrocardiography can demonstrate ST-T segment depression.
This dynamic diffused ST depression can not be fully explained
by the local hematoma and ischemia but might also be related to
the secondary T wave changes associated with intermittent right
bundle branch block, electrotonic modulation of the T wave,
hypotension and coronary spasm (17-19). The cardiac troponin
levels were significantly greater compared to that following
routine LBBP and this increase indicated severe myocardial FIGURE 3 | (A) The echocardiogram indicated interventricular septal
injury (20). Septal hematoma can be confined to the septum hematoma measuring 8 mm in width. (B) Contrast agent retention in the

life-th . icul 1 If interventricular septum. (C) The echocardiography confirmed the hematoma
or may cause lfe-threatening ventricular septal rupture. has resolved. (D) No contrast agent overflow was found in the interventricular

the patient has symptoms, ECG abnormalities, or increasing septum. RAO, right anterior oblique; CAU, caudal; LAO, left anterior oblique.
troponin, immediate echocardiography is recommended. A

significant widening of the IVS with an internal, hypoechogenic
mass may be observed. It is necessary to highlight the importance
of routine echocardiography after implantation for identifying  branches and the location of hematoma. CTA is also a useful
small hematomas without any symptoms. Coronary angiography  tool to identify the hematoma. On non-contrast CTA, a high-
is recommended to further confirm the extent of injury to artery  density thickening in the interventricular septum was found. Post

In the acute period after LBBP At the one-month follow-up
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In the acute period after LBBP

At the one-month follow-up
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resolved at the 1-month follow-up. CTA, computed tomography angiography.

FIGURE 4 | (A) CTA showed a hematoma in the basal segment of the interventricular septum in the acute period after LBBP. On non-contrast CTA, a high-density
thickening in the interventricular septum was found. Post contrast, no significant change in the enhancement was observed. (B) CTA confirmed the hematoma has

contrast, no significant change in the enhancement was observed.
Simultaneously, the relationship of the hematoma and pacing
lead could be confirmed by the CTA.

According to the site of LBBP lead and coronary angiography,
we thought that the hematoma was caused by the injury to
a small branch of the perforating septal artery during the
LBBP lead implantation at the site A. The severity of the
patient’s condition should be comprehensively evaluated and
then decisions about the next step of management can be
made. In most reports, the patients with septal hematoma
usually had uneventful outcomes when treated conservatively
particularly if they have stable hemodynamics. Based on the
following points: (1) relief of symptoms, stable vital signs and
normalized ECG; (2) only small amount of contrast agent
overflow and retention; (3) no rupture into the pericardium;
(4) good response to conservative treatment in previous reports,
we chose conservative treatment and close surveillance. In
the next few days, considering that dynamic echocardiogram
monitoring demonstrated that the hematoma did not progress,
contrast wash-out occurred smoothly and the patient’s vital signs
remained stable, we thought there was no need for intervention
and interruption of mono antiplatelet medication (21). In our
case, cardiac function and pacing parameters remained stable
at the acute period and during the follow-up. If the hematoma
increases in size echoardiographically or even pericardial effusion
occurs, antithrombotic therapy should be interrupted, and other
approaches would have been considered (22). Surgical treatment

with evacuation of the hematoma would have been considered
(23). Repeated echocardiography still remains the mainstay
of follow-up.

To prevent hematoma formation, a series of evaluations are
required. Firstly, anticoagulant use should be carefully assessed.
Secondly, always bring awareness to anatomical variants of
vessels to avoid injury of potentially important arteries, for
example, the sinus of Valsalva aneurysm may compress the
septum. In patients with vascular malformation, angiography
may be needed to help guide the implantation of pacing lead,
but it is not routinely used in clinical practice. Thirdly, the
number of the sites for lead implantation should be minimized.
To avoid damaging the coronary arteries, especially anterior
descending artery and large septal perforator branches, the
lead should not be placed too anteriorly at the right anterior
oblique fluoroscopic view (4). Fourthly, during the perioperative
period, patients’ chief complaints should be carefully monitored,
such as chest pain, dyspnea or heart failure symptoms. Always
pay attention to dynamic changes of pacing parameters and
the electrocardiogram during the procedure. Finally, routine
echocardiography after the procedure is reccommended if there is
concern about hematoma formation or expansion. If necessary,
coronary angiography could be implemented.

LBBP is generally feasible and safe, but the incidence of the
hematoma may be underestimated. Whether the clinical course
of the hematoma would be uneventful or not, which requires
further personalized management.
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