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Case report: Treatment of tachycardia-induced cardiogenic shock with permanent His bundle pacing and atrioventricular node ablation
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Tachycardia-induced cardiomyopathy (T-CMP) related to supraventricular arrhythmia is a rare and often unrecognized cause of refractory cardiogenic shock. When rhythm control interventions are ineffective or no longer pursued, atrioventricular node ablation (AVNA) with pacemaker implantation is indicated. Conduction system pacing provides normal synchronous activation of the ventricles after AVNA. However, there is a lack of data on pace and ablate strategy in hemodynamically unstable patients. We report on 2 patients with T-CMP presenting with refractory cardiogenic shock who were successfully treated with His bundle pacing in conjunction with AVNA.
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Introduction

Tachycardia-induced cardiomyopathy (T-CMP) is defined as the presence of reversible left ventricular (LV) dysfunction due to persistent rapid ventricular rate, regardless of tachycardia etiology (1). The common causes of T-CMP are supraventricular arrhythmias, namely atrial fibrillation (AF), atrial flutter, and atrial tachycardia (1, 2). Most of the patients present with heart failure (HF) symptoms and palpitations, while cardiogenic shock and cardiac arrest remain relatively rare (1). Treatment of T-CMP consists of suppression of ventricular rate with antiarrhythmic drugs (AADs), arrhythmia elimination with radiofrequency ablation (RFA) or electrical cardioversion (EC), and atrioventricular node ablation (AVNA) with pacemaker implantation when rhythm control interventions are ineffective or no longer pursued (2). Recently, conduction system pacing was introduced into clinical practice which, in contrast to standard right ventricular (RV), provides normal synchronous activation and preserves LV function in HF patients (3). However, evidence for the use of “ablate and pace” strategy with HBP in the T-CMP presenting with cardiogenic shock are scarce.

We report two patients with T-CMP who were admitted to the intensive care unit (ICU) due to cardiogenic shock and were successfully treated with HBP and AVNA.



Case report


Case 1

A 65-year-old woman with a history of AF, diabetes type II, and ischemic CMP was admitted due to progressive dyspnea and peripheral oedema. As she was not attending regular outpatient clinic follow-ups, the level of heart rate control or the duration of AF was not well-established. On examination at the emergency department, she was hypotensive (93/56 mmHg) with signs of cardiogenic shock. A 12-lead ECG revealed AF with a ventricular rate of around 150 bpm (Figure 1). Bedsides, echocardiography showed severely dilated LV with severely reduced EF and dilated right ventricle (RV) with reduced systolic function. The left atrium was severely dilated (Table 1). Laboratory findings showed metabolic acidosis (pH 7.32), increased lactate levels (11,4 mmol/L), acute kidney injury [creatinine levels of 164 μmol/l, glomerular filtration rate (GFR) 28 mL/min/1,73m2], severely elevated transaminases with international normalized ratio (INR) of 7, negative troponin, elevated NT-proBNP (7,024 pg/mL), and normal inflammatory markers. Initial supportive intravenous therapy did not result in clinical improvement. Invasive mechanical ventilation (MV) was initiated together with inhaled nitric oxide due to concomitant RV failure. Landiolol infusion resulted in a moderate heart rate decline from 170 to 140 bpm but shock persisted. Coronary angiography did not reveal obstructive coronary lesions. Intra-aortic balloon pump (IABP) was inserted but resulted in low augmented pressure due to tachycardia. Laboratory tests showed normal thyroid function. Bilateral stellate ganglion blockade did not result in a significant heart rate decrease. After 1 week of hospitalization and several unsuccessful synchronized EC, the “ablate and pace” strategy was attempted. Non-selective HBP was achieved with a stable pacing threshold of 2.25 V at 1 ms (Figure 1). There were no procedure-related complications. Hours after the procedure there was a significant improvement in LV function. Twenty-four h after the procedure her condition improved and IABP could be removed. We started with low dose HF therapy. Her condition further improved, and she was weaned from MV on day 17. Her blood pressure normalized, and LV function further improved. She was discharged from the hospital on day 43. At 1-year follow-up, her condition was stable (Table 1).
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FIGURE 1
 (A) Electrocardiogram at admission with visible atrial fibrillation with a ventricular rate of 150 bpm. (B) Electrocardiogram after atrioventricular node ablation and His bundle pacing. (C) Position of pacing leads and ablation catheter during fluoroscopy with visible intra-aortic balloon pump in the background. HBP, His bundle pacing; RV, right ventricle.



TABLE 1 Summary of clinical presentations, cardiac function, and pacing parameters.
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Case 2

A 51-year-old, previously healthy male, visited the emergency department due to progressive weakness and palpitations. On examination, he was hypotensive (94/73 mmHg) with signs of cardiogenic shock. The electrocardiogram showed AF with a rapid ventricular rate of 175 bpm (Figure 2). Laboratory results showed elevated lactate levels (3.6 mmol/L) with metabolic acidosis (pH 7.29), severely elevated transaminases, acute kidney injury (creatinine 226 μmol/l, GFR 28 mL/min/1,73m2) with moderate hyperkaliemia (6 mmol/l). Within hours, the patient's status further deteriorated. Invasive MV was initiated, and a high dose of norepinephrine was needed. Transesophageal echo revealed dilated LV, enlarged atria, and severely decreased ventricular contractility (Table 1). No thrombi were found in the left atrium appendage. A coronary angiogram revealed non-obstructive coronary artery disease. Several synchronized EC attempts and intravenous AADs were unsuccessful in eliminating arrhythmia or markedly decreasing the ventricular rate. Due to refractory cardiogenic shock, peripheral percutaneous veno-arterial extracorporeal membrane oxygenation (VA-ECMO) was inserted. Further laboratory analysis confirmed elevated levels of thyroxin. Intravenous steroids and thiamazole were initiated. However, multi-organ failure worsened rapidly and 4,5 L/min of ECMO flow was insufficient. Thus, we proceeded with an urgent “ablate and pace” strategy. His bundle pacing lead was inserted and selective HBP was achieved with a stable threshold of 0.75V at 1 ms. A return to sinus rhythm and significant improvement of cardiac function was expected, atrial and RV backup leads were also inserted and connected to the atrio-biventricular device (Figure 2). Within an hour after the procedure, the pulsatile flow was noted. The norepinephrine dose was lowered, and cardiac function improved significantly after 24 h. On day 5, VA-ECMO could be removed, and low dose HF therapy was initiated. Further ICU stay was prolonged due to bacterial ventilator associated pneumonia, gastric perforation, fungal infection, and critical illness myopathy with long ventilation weaning. The patient was discharged from hospital on day 47 with significantly improved cardiac function and sinus rhythm. At the 1-year follow-up, his condition was stable (Table 1).
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FIGURE 2
 (A) Electrocardiogram at admission with visible atrial fibrillation with a ventricular rate of 175 bpm. (B) Electrocardiogram after atrioventricular node ablation and His bundle pacing. (C) Position of pacing leads during fluoroscopy with visible ECMO cannula in the background. HBP, His bundle pacing; RV, right ventricle; ECMO, extracorporeal membrane oxygenation.




His bundle pacing and atrioventricular node ablation procedure

In both presented cases device implantation was performed first followed by AVNA during the same procedure as previously described (4). We used SelectSecure 3,830 (Medtronic, Minneapolis, USA) active fixation leads and dedicated delivery sheaths. His bundle area mapping was performed in a unipolar setting with LAB system Pro (BARD/Boston Scientific, Lowell, USA) electrophysiological system. Atrioventricular node ablation was done with irrigated Flexability™ (Abbott, USA) or Celsius® Thermocool® (Biosense Webster, USA) tip ablation catheter in a temperature-controlled mode (40 W, up to 60 s). The lower rate of the pacing device was initially set to 80 bpm and programmed to 70 bpm at follow-up.




Discussion

With our case series, we were able to show that HBP in conjunction with AVNA could present a feasible and safe treatment option even in the T-CMP presenting with cardiogenic shock.

In a recent retrospective analysis, Hékimian et al. showed the feasibility of the “ablate and pace” strategy with temporary septal RV and later conversion to BiV pacing in patients with T-CMP requiring mechanical circulatory support (5). Nonetheless, the “ablate and pace” strategy is generally utilized in hemodynamically stable symptomatic patients with supraventricular tachycardia refractory to pharmacological therapy and RFA (2). However, several studies reported neutral findings regarding HF progression and survival, implying that the beneficial effects of rate control after AVNA could be hampered by non-physiologic dyssynchronous RV pacing (6). While biventricular pacing in conjunction with AVNA has shown better results compared to RV pacing, the benefit was much less distinct in patients with narrow QRS or normal left ventricular function (3, 6). By stimulating the native conduction system through a bundle of His, normal synchronous activation of the ventricles can be obtained. Therefore, it could represent an alternative to BiV pacing in patients with an expected high percentage of pacing with concomitant severe left ventricular dysfunction and narrow QRS (3, 7). Recent randomized trials further confirmed that HBP could deliver better improvement of EF compared to BiV in patients undergoing AVNA (8). However, there are some limitations associated with HBP, e.g.: higher capture thresholds, need for RV back-up lead, lower success rates, etc (4). Thus, left bundle branch area pacing could present an even better physiological pacing option to overcome these limitations, especially in the setting of AVNA (9).

An alternative approach could have adopted rhythm control with pulmonary vein isolation (PVI). Catheter ablation of AF has become a well-established procedure in HF patients as sinus rhythm restoration significantly lowers the rate of death or hospitalization for worsening heart failure compared with medical therapy alone (10, 11). However, there is still insufficient data on ablation in case of hemodynamic instability due to AF. Mantini et al. (11) reported successful ablation of atrial arrhythmias in five patients with cardiogenic shock on mechanical circulatory support. Although there were no complications reported, there were concerns about the safety of the procedure in critically ill patients with rapidly progressing cardiogenic shock (11). Ablation procedures in persistent AF are no more than 20–60% successful in maintaining the sinus rhythm. Furthermore, several patient characteristics play an important role in AF ablation success rates, for example, the need for high direct current energies for the restoration of sinus rhythm in cardioversion prior to ablation, left atrial size, AF duration, patient age, renal dysfunction, and substrate visualized on magnetic resonance imaging (10, 11). Therefore, it is conceivable to assume that the AF ablation strategy with PVI in our presented cases would not yield a significant probability of acute sinus rhythm restoration, especially in the setting of cardiogenic shock. Similar observations were noted by Hékimian et al., where only 1 ablation procedure was performed in 35 patients presenting with T-CMP and cardiogenic shock (5).

In conclusion, in the T-CMP presenting with cardiogenic shock “ablate and pace” strategy with HBP could present a feasible and safe treatment option for arrhythmia reduction. Further clinical studies are warranted to address the best strategy for addressing the severest forms of T-CMP.
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