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Atrial standstill (AS) is a rare condition defined by the lack of atrial electrical and
mechanical activities. It is usually clinically manifested as symptomatic bradycardia,
which requires permanent pacemaker (PPM) implantation. Traditional right ventricular
apical pacing causes electrical and mechanical dyssynchrony resulting in left ventricular
dysfunction, heart failure, and arrhythmias. As a novel physiological pacing strategy, left
bundle branch area pacing (LBBaP) has demonstrated effectiveness and safety in recent
years, but its application in exceptional conditions is rarely reported. We report the case
of a 47-year-old female, who was diagnosed with AS complicated with a giant atrium,
and successfully received a single-chamber PPM with LBBaP.

Keywords: left bundle branch area pacing, physiological pacing, atrial standstill, giant atrium, permanent
pacemaker

INTRODUCTION

Atrial standstill (AS) is a rare type of arrhythmia characterized by the loss of electrical and
mechanical activities of the atrium (1, 2). Electrocardiogram (ECG) typically shows no visible P
waves or atrial fibrillatory waves and a borderline or ventricular escape rhythm. It is clinically
characterized by symptomatic bradycardia that requires permanent pacemaker (PPM) therapy.
Since AS is always combined with atrial enlargement and tricuspid regurgitation, ventricular lead
implantation is a challenge. A single-chamber PPM with its ventricular active lead positioned in the
right ventricular apex was traditionally performed in a few previous cases (3, 4). As a physiological
pacing strategy, left bundle branch area pacing (LBBaP) was recently proposed. It activates the
normal cardiac conduction, thereby providing synchronized contraction of the ventricles (5).
However, AS with a giant atrium is a challenge to the placement of the ventricular lead, especially
for LBBaP, as similar cases are rarely reported.

CASE REPORT

A 47-year-old female patient was admitted with recurrent syncope for 2 days. Bedside ECG on
admission discovered no visible P waves or atrial fibrillatory waves, ventricular escape rhythm
with ventricular rate 40–45 bpm, and torsade de pointes. Bedside echocardiography indicated an
enlarged heart dominated by the atrium, where the right atrium (RA) size was 8.9 cm × 5.6 cm, the
left atrium (LA) size was 7.2 cm × 5.6 cm, the left ventricular end diastolic diameter was 5.1 cm, the
left ventricular ejection fraction (LVEF) was 50%, and there was extensive tricuspid regurgitation
(Figure 1a). Moreover, only E waves were observed in the early diastolic period, but no A wave
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FIGURE 1 | Echocardiography images. (a) On the echocardiography, both atrium were observably enlarged, the right atrium (RA) size was 8.9 cm × 5.6 cm, and the
left atrium (LA) size was 7.2 cm × 5.6 cm. (b) In the mitral inflow pulse by Doppler recording, only E wave was observed in the early diastolic period, but no A wave
was observed in the late diastolic period.

was detected in the late diastolic period in the mitral inflow
pulse by Doppler recording (Figure 1b). A temporary pacemaker
was immediately implanted. However, it was difficult for the
temporary pacemaker lead to enter the right ventricle. The
patient was instructed to take deep breaths and cough repeatedly.
After repeated attempts, the lead was successfully placed into
the apex of the right ventricle under the guidance of bedside
echocardiography, and the pacing rate was set to 80 bpm.
Subcutaneous injection of low molecular weight heparin was
administered to prevent blood clots and intravenous infusion
of cefazolin sodium was administered to prevent infection.
The next day, ECG monitoring indicated ventricular pacing
dysfunction, and the lead dislocation of the temporary pacemaker
was considered. On the second day, a PPM was implanted.
Intraoperative X-ray fluoroscopy showed that the temporary
pacemaker lead was dislocated and coiled in the right atrial
lumen (Figures 2a,b). Electrophysiology study indicated that no
atrial action potential could be recorded in multiple regions of
the RA, including right atrial appendage, middle atrial septum,
the bottom of the interatrial septum, and low lateral region.
Furthermore, there was a lack of atrial capture in several
parts of the RA during high output at 5.0 V/0.5 ms, and
consequently, atrial activity was considered to be paralyzed
electrically (Figure 3a). The decisions to implant a single-
chamber PPM and to attempt the LBBaP were made. First, a
loach guide wire was delivered to the right ventricular outflow
tract, and the His sheath (C315-His, Medtronic, Minneapolis,
MN, United States) was delivered to the tricuspid annulus along
the guide wire. The unshaped His sheath was difficult to be
positioned in place. Through the sheath shaping technology,

we put the inner core back into the His sheath, shaped the
middle area of the second bend by hand, and adjusted the
curvature of the His sheath. Subsequently, the sheath tube
was sent to the tricuspid annulus, and an active fixation lead
(3830, Medtronic, United States) was sent along the sheath
to the right ventricular septum to select an acceptable initial
fixation site with an obvious current of injury (Figures 4A,B).
A right bundle branch block (RBBB) pattern was clearly observed
during ventricular pacing when the lead was screwed into the
interventricular septum, which indicated LBBaP (Figures 3b,c),
with a stable stimulus to left ventricular activation time (Stim-
LVAT) of 68 ms (a sensing of 11.8 mV, a pacing threshold
of 0.9 V at a 0.5 ms pulse width and an impedance of
1,002 �). After the implantation of the pacemaker (ADSR01,
Medtronic, Minneapolis, MN, United States), the temporary
pacemaker leads were removed under fluoroscopy. The histology
of myocardial biopsy showed hyaline degeneration within the
collagen fibers, and the existence of blurred stripes in some
myocardial fibers with mucoid degeneration among parallel
collagenous fibers (Figure 5). A postoperative ECG showed
that ventricular pacing was stable (VVI mode, pacing rate of
60 bpm). Benazepril 5 mg qd was given to improve cardiac
remodeling, and apixaban 2.5 mg bid was given to prevent
embolism. Ventricular tachycardia did not occur during the
postoperative hospitalization. In the postoperative follow-up, the
ventricular pacing burden was 96.2%. Pacemaker parameters
remained stable with ventricular sensing of 12.5 mV and
ventricular pacing threshold of 0.75 V at 0.4 ms. The patient
has since remained free of syncope and not experienced
cardiac insufficiency.
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FIGURE 2 | Intraoperative X-ray fluoroscopy images. (a) CRA 0, LAO 0; (b) CRA 0, RAO 28. The temporary pacemaker lead was coiled in the right atrial lumen (red
arrow). The position of left bundle branch area pacing (LBBaP) was at the distal end of the ventricle, 1.5 cm approximately beyond HIS (yellow arrow).

FIGURE 3 | (Continued)
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FIGURE 3 | Intracardiac electrograms. (a) There was no atrial action potential (red arrow) in RA. (b) Ventricular pacing at 5.0 V/0.5 ms output, and Sti-LVAT was
68 ms. (c) Ventricular pacing at 1.0 V/0.5 ms output, and Sti-LVAT was 68 ms.

FIGURE 4 | Schematic diagram of shaping the sheath. (A) Conventional HIS sheath in patients with a normal size atrium. (B) Shaped HIS sheath in patients with an
enlarged atrium.

DISCUSSION

Atrial standstill is a rare condition defined by the lack of atrial
electrical and mechanical activities, which may be intermittent
or permanent, partial or total, and congenital or secondary.
The congenital pathogenesis is mostly related to gene mutations
including the reported mutations of EMD, SCN5A, and MYL4
(6–9). The secondary causes are more commonly observed
in patients with Emery-Dreifuss muscular dystrophy (10),
cardiac sarcoidosis (11), acute myocarditis (12), acute myocardial
infarction (13), hyperkalemia, drug poisoning (e.g., digoxin
or quinidine), and surgical myocardial injury. The clinical
manifestations of AS include dizziness, syncope (3), heart failure,
arterial embolism, and stroke (14, 15). The mechanism of
embolism is considered similar to that of atrial fibrillation.

The loss of atrial regular contractile activity may lead to atrial
thrombosis, which can cause arterial embolism. At present,
there are no relevant guidelines and consensus to provide a
treatment standard for AS. In this case, a long-term anticoagulant
(apixaban) was given based on the benefits demonstrated by the
relevant reports, and with the consent of the patient.

AS may manifest as partial or total atrial paralysis. It often
appears early at the site of the high and mid-lateral RA, progresses
to the entire RA, and then to the LA (16, 17). Bogossian et al.
(18) reported a case of right atrial tachycardia despite silent RA
with a remaining pacing site in the bottom of the interatrial
septum. Demiralp et al. (19) reported a case of a partial AS
with mechanical activity only documented at the left atrial
appendage. For a few patients who had residual local electrical
activity in the atrium, implanting atrial leads at appropriate
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FIGURE 5 | Myocardial biopsy pathological result. (A) Hyaline degeneration within the collagen fibers (red arrow). (B) Blurred stripes in some myocardial fibers with
mucoid degeneration among parallel collagenous fibers (yellow arrow).

sites can be used to select double-chamber pacemakers. Suzuki
et al. (20) reported a case of AS with the atrial lead implanted
in the coronary sinus. Considering the possibility of atrial
disease progression, close follow-up is still recommended. Single-
chamber PPM has been used in most previous cases. The torsade
de pointes in this patient was considered to be secondary to
QT interval prolongation in bradycardia, so we implanted a
temporary pacemaker to increase the pacing rate to 80 bpm.
After excluding other causes of torsade de pointes, a pacemaker
was selected instead of an implantable cardiac defibrillator. We
performed a single-chamber PPM implantation (VVI mode).
During the postoperative hospitalization, ventricular tachycardia
completely disappeared.

Cardiac pacing is the only effective treatment for symptomatic
bradyarrhythmia. Traditional right ventricular apical pacing
causes electrical and mechanical dyssynchrony resulting in
left ventricular dysfunction, heart failure, and arrhythmias.
Physiological pacing activates the normal cardiac conduction,
thereby providing synchronized contractions of the ventricles.
LBBaP technique is a novel pacing strategy evolving from His
bundle pacing (HBP), including selective left bundle branch
pacing (LBBP) and non-selective LBBP. The active lead is
twisted through the septum from the right ventricular septum
to the left fascicular branch area under the intima of the left
ventricular septum, and the pacing captures the left Purkinje
network to circumvent the blocked site and maintains the
electrical synchronization of the left ventricle (21–24). LBBaP
paces beyond the site of block and results in a low pacing
threshold with a high success rate in patients with infranodal
atrioventricular block. Relevant studies have reported a success
rate of 81–93% (24–26). Huang et al. (27) reported the first
case of LBBaP. The left bundle branch block (LBBB) could
not be corrected at 10 V/0.5 ms output by HBP. The tip end
of the electrode wire was then sent to the distal end of the

ventricle, and as a result, the LBBB could be corrected by
0.5 V/0.5 ms output. The pacing threshold was low and stable,
and above all, heart failure symptoms improved significantly
during follow-up. Since then, the characteristics of LBBaP have
been continuously explored. An in vivo canine model illustrated
the electrophysiological parameters and anatomical evaluation
of LBBP, and showed the improvement of hemodynamics
(28). LBBaP was confirmed to maintain left ventricular
synchronization by nuclide examination (29). Several clinical
studies have also confirmed the benefits of LBBaP. Notably, a
multicenter observational study verified that LBBaP improved
cardiac function and reduced the hospitalization rate of heart
failure patients. It also showed better clinical outcomes than right
ventricular pacing (RVP) in patients with atrioventricular block,
requiring a heavy burden of ventricular pacing (30). For patients
with heart failure, current studies showed that LBBaP was
associated with remarkable improvements in cardiac function,
mechanical synchronization, and mechanical efficiency and may
be a promising alternative to cardiac resynchronization therapy
(31–35). In addition, many clinical studies have demonstrated
the safety of LBBaP. A single-center study indicated that the
total incidence of procedure-related complications of LBBP
was 1.63% (36). Another single-center study showed that the
complications and cardiac outcomes were not significantly
different between LBBP and RVP after mid-long-term follow-
up (37).

Huang et al. (21) expounded the operation specification
of LBBP for the first time, and more admissible judgment
criteria were provided in the subsequent studies. Su et al.
(38) indicated that the current of injury is meanful to
judge the LBB capture, pacing threshold and electrode
perforation. Huang et al. (39) established the standard
model for judging the capture of LBB. Direct LBB capture
was defined as retrograde HIS potential on the HPV
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lead and/or anterograde left conduction system potentials on
the multielectrode catheter during LBBP. An abrupt decrease
in Stim-LVAT of ≥10 ms and demonstration of selective LBBP
could be used as simple criteria to confirm LBB capture. In
this present case, we recognized this as an LBBaP by the
following evidences: ¬ paced morphology is a RBBB shape;
­ the Sti-LVAT remains 68 ms at high and low outputs; ®

paced morphology was not a typical RBBB shape and the
dissociation was not definite enough at 1.0 V/0.5 ms output.
Because of AS and ventricular escape rhythm without normal
AV conduction in this case, the intracardiac electrograms
did not show the internal rhythm and the LBB potential.
Retrograde His potential or anterograde left conduction system
potentials are a golden criterion of direct LBB captured,
but it is not practical and adaptable in clinical practice,
especially in complex conditions like in our case. Zhang et al.
(40) explored a simplified approach (“9-partition method”) to
perform LBBaP under fluoroscopy. This provides a means of
operation in the absence of multi-channel electrophysiology
instruments. For special anatomical structures, techniques such
as the “sheath in sheath” (His bundle sheath covering the
left ventricular delivery system) (25, 34, 41) can also be used
to further increase the supporting force of the sheath and
to contribute to the fixation of leads in the target area. In
this case, we shaped the middle area of the second bend of
the His sheath by hand, and adjusted the curvature to reach
the acceptable initial site. In recent years, the use of newly
developed implant tools and related auxiliary means have helped
clinicians to implant pacemaker systems into patients with special
anatomical structures.

In summary, when PPM treatment is essential in AS with
a giant atrium, LBBaP is a promising pacing strategy and
the technique should not be waived prematurely. In this case,
LBBaP was successfully achieved by HIS sheath shaping, and
the intraoperative and postoperative parameters were satisfactory
and stable. Further follow-up observation is indispensable
to assess the stability, safety, and clinical prognosis. This

clinical experience in such exceptional circumstances justifies
further investigation.
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