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Cardiogenic shock in adults with congenital heart disease: Insights from the FRENSHOCK registry
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Abbreviations

ACHD adults with congenital heart disease; CHD congenital heart disease; CI confidence interval; CS cardiogenic shock; non-ACHD adults without congenital heart disease ;VAD ventricular assist device.

a b s t r a c t Background:

Data on cardiogenic shock in adults with congenital heart disease (ACHD) are scarce. Aim: We sought to describe cardiogenic shock in ACHD patients in a nationwide cardiogenic shock registry.

Methods:

From the multicentric FRENSHOCK registry (772 patients with cardiogenic shock from 49 French centres between April and October 2016), ACHD patients were compared with adults without congenital heart disease (non-ACHD). The primary outcome was defined by all-cause mortality, chronic ventricular assist device or heart transplantation at 1 year.

Results:

Out of the 772 patients, seven (0.9%) were ACHD, who were younger (median age: 56 vs. 67 years),had fewer cardiovascular risk factors, such as hypertension (14.3% vs. 47.5%) and diabetes (14.3% vs.28.3%), and no previous ischaemic cardiopathy (0 vs. 61.5%). Right heart catheterization (57.1% vs. 15.4%),pacemakers (28.6% vs. 4.6%) and implantable cardioverter-defibrillators (28.6% vs. 4.8%) were indicated more frequently in the management of ACHD patients compared with non-ACHD patients, where as temporary mechanical circulatory support (0 vs. 18.7%) and invasive mechanical ventilation (14.3% vs.38.1%) were less likely to be used in ACHD patients. At 1 year, the primary outcome occurred in 85.7%(95% confidence interval: 42.1-99.6) ACHD patients and 52.3% (95% confidence interval: 48.7-55.9) non-ACHD patients. Although 1-year mortality was not significantly different between ACHD patients (42.9%) and non-ACHD patients (45.4%), ventricular assist devices and heart transplantation tended to be more frequent in the ACHD group.

Conclusions:

Cardiogenic shock in ACHD patients is rare, accounting for only 0.9% of an unselected cardio-genic shock population. Despite being younger and having fewer co-morbidities, the prognosis of ACHD patients with cardiogenic shock remains severe, and is similar to that of other patients.

--

2-Background

Advances in the medical and surgical care of children with con-genital heart disease (CHD) have enabled more than 90% of them to survive to adulthood, and adults account now for over two thirds of the contemporary CHD population in Western countries [START_REF] Moons | Temporal trends in survivalto adulthood among patients born with congenital heart disease from 1970 to1992 in Belgium[END_REF].Although outcomes are improved, surgery does not cure CHD, and late-onset complications, such as heart failure, are increasing. Consequently, the medical complexity of surviving patients with CHD has increased substantially over the last 2 decades. Heart failure is the most common complication in adults with CHD (ACHD), with a life prevalence of at least 30% in most patients with complex under-lying diagnoses, and heart failure has become the leading cause of premature death, accounting for one third of all deaths [START_REF] Moussa | Characteristics and outcomes of heart failure-related hospitalizationin adults with congenital heart disease[END_REF][START_REF] Verheugt | Mortality in adult congenital heart disease[END_REF][START_REF] Yu | Causes of death in acontemporary adult congenital heart disease cohort[END_REF].

ACHD patients with heart failure frequently present with more advanced disease than adults without CHD (non-ACHD) [START_REF] Cohen | Temporal trends and changing profile of adults with congenital heart diseaseundergoing heart transplantation[END_REF], but they seem less likely to be treated with advanced cardiac therapies, such as mechanical circulatory support or heart transplantation, than non-ACHD patients [START_REF] Burstein | Greateradmissions, mortality and cost of heart failure in adults with congenital heartdisease[END_REF][START_REF] Vanderpluym | Outcomes following implantation of mechanical circulatory support inadults with congenital heart disease: an analysis of the Interagency Registry forMechanically Assisted Circulatory Support (INTERMACS)[END_REF]. Management of heart failure is very challenging in these patients because of inherent structural variations, with their associated physiological consequences [START_REF] Arnaert | Heart failure related to adult congenital heart disease: prevalence, outcome andrisk factors[END_REF][START_REF] Haranal | Mechanical circulatory support for patients withadult congenital heart disease[END_REF].Recent consensuses from the European Society of Cardiology and the American Heart Association have been published to help clinicians with the management of chronic heart failure in ACHD patients [START_REF] Baumgartner | ESC Guidelines for the management of adult congenital heart disease[END_REF][START_REF] Stout | AHA/ACC Guideline for the management of adults with congenitalheart disease: a report of the American College of Cardiology/American HeartAssociation Task Force on Clinical Practice Guidelines[END_REF]. However, few data concern the management of acute heart failure, and even fewer pertain to cardiogenic shock (CS). CS is defined as a state of low cardiac output resulting in end-organ hypoperfusion, signalling primary cardiac failure, and can result in multiorgan dysfunction and death [START_REF] Chioncel | Epidemiology, pathophysiology and contemporary management of cardiogenicshocka position statement from the Heart Failure Association of the EuropeanSociety of Cardiology[END_REF].

We aimed to describe CS in ACHD patients from the largest European nationwide multicentre prospective registry on CS, and to compare characteristics, management and outcomes of CS between ACHD and non-ACHD patients.

3-Methods

Overall patient population.

This study was a sub-study of the prospective multicentre observational FRENSHOCK registry conducted in metropolitan France between April and October 2016, and involving 49 crit-ical care units (ClinicalTrials.gov identifier: NCT02703038). The main objective was to describe the characteristics, management and outcome of patients with CS [START_REF] Delmas | Baselinecharacteristics, management, and predictors of early mortality in cardiogenicshock: insights from the FRENSHOCK registry[END_REF]. Briefly, all adult patients(aged ≥ 18 years) with CS were prospectively enrolled when they met at least one criterion of each of the following three components: (1) haemodynamic criteria, including low systolic blood pressure (< 90 mmHg) and/or the need for maintenance with vasopressors/inotropes and/or a low cardiac index (< 2.2 L/min/m2); (2)left and/or right heart pressure elevation (based on clinical signs, chest X-ray, blood tests, echocardiography or invasive haemodynamic measurements); and (3) clinical and/or biological signs of organ hypoperfusion. Patients admitted after cardiopulmonary resuscitation were included if they fulfilled previously defined CS criteria. Patients could be included regardless of CS aetiology or whether the CS was primary or secondary. Exclusion criteria were refusal or inability to consent and a diagnosis of CS refuted in favour of alternative diagnoses (septic shock, refractory cardiac arrest, postcardiotomy CS).

Data collection

Baseline characteristics, including demographics (age, sex, body mass index and employment status), risk factors, medical history and previous medication were collected in the FRENSHOCK registry. Course before the critical care unit, and clinical, biological and echocardiographic data within the first 24 hours after intensive care unit admission were recorded. CS triggers, cardiac procedures, organ replacement therapies and in-hospital complications were also recorded. Outcomes at 30-day and 1-year follow-up included treatments, all-cause mortality and chronic ventricular assist device (VAD) or heart transplantation [START_REF] Gonzalez-Pacheco | Clinical phenotypes, aeti-ologies, management, and mortality in acute heart failure: a single-institutionstudy in Latin-America[END_REF] .

ACHD population

CHD was reported by investigators in the electronic reporting form, allowing for easy identification of the ACHD population. CHD complexity was classified as mild, moderate or severe according to the anatomical classification from the European Society of Cardiology guidelines for the management of ACHD [START_REF] Baumgartner | ESC Guidelines for the management of adult congenital heart disease[END_REF]. All ACHD patients were identified in the database, and specific information concerning their medical history, especially surgeries or interventional procedures, were collected a posteriori through direct contact with the investigator site.

Ethics

Written consent was obtained for all the patients. The data recorded and their handling and storage were reviewed and approved by the CCTIRS (French Health Research Data Processing Advisory Committee) (No. 15.897) and the CNIL (French Data Protection Agency) (No. DR-2016-109).

Statistical analysis

Continuous data are reported as medians (interquartile ranges)and categorical data are reported in numbers and percentages, with 95% confidence intervals (CIs) provided whenever necessary. Survival curves were plotted using the Kaplan-Meier method to estimate 30-day and 1-year survival free from VAD or heart trans-plantation between ACHD and non-ACHD groups. All analyses were performed using Stata Standard Edition, version 17, 2021 (Stata-Corp LLC, Statistical Software, College Station, TX, USA).4.

4-Results

Population

Out of the 772 patients included in the FRENSHOCK registry, seven (0.9%) were ACHD patients (Table 1). ACHD patients were as follows: aortic bicuspid valve surgically repaired (n = 1); isolated atrial septal defect surgically closed (n = 1); atrial septal defect with abnormal pulmonary venous return surgically repaired (n = 1); unoperated congenitally corrected transposition of the great arteries (n = 2); transposition of the great arteries with atrial switch (Mustard) (n = 1); and tetralogy of Fallot repair (n = 2). Specific characteristics of ACHD patients are described in Table 2. None of the CHDs was associated with a known genetic syndrome. ACHD patients were younger (median age: 56 vs. 67 years), with fewer cardiovascular risk factors, such as hypertension (14.3% vs.47.5%) and diabetes (14.3% vs. 28.3%), and no previous ischaemic cardiopathy (0 vs. 38.5%). Ischaemic trigger (28.6% vs. 36.4%) was less frequent in the ACHD group. History of pacemaker or implantable cardioverter-defibrillator was more common in ACHD patients (14.3% vs. 8.1% and 42.9% vs. 16.2%, respectively). Ventricular and supraventricular arrhythmia, as well as iatrogenicity and non-adherence to cardiac therapy were more frequent CS triggers in ACHD patients compared with non-ACHD patients (14.3% vs.12.6%, 14.3% vs. 13.3%, 14.3 vs. 6.0% and 14.3 vs. 3.4%, respectively).

In-hospital management

Table 3 compares in-hospital management between ACHD and non-ACHD patients. Right heart catheterization (57.1% vs.15.4%), pacemaker implantation (28.6% vs. 4.6%) and implantable cardioverter-defibrillator implantation (28.6% vs. 4.8%) were per-formed more frequently in ACHD patients, whereas temporary mechanical circulatory support (0 vs. 18.7%) and invasive mechanical ventilation (14.3% vs. 38.1%) were more frequently indicated in the non-ACHD group.

Outcomes

The 30-day mortality was 14.3% (95% CI: 0.4-57.9) in the ACHD group and 26.1% (95% CI: 23.1-29.4) in the non-ACHD group.

At 1-year follow-up, the primary outcome (death, heart trans-plantation or chronic VAD) had occurred in 85.7% (95% CI:42.1-99.6) of ACHD patients and 52.3% (95% CI: 48.7-55.9) of non-ACHD patients. Fig. 1 depicts the corresponding Kaplan-Meier survival curves for ACHD and non-ACHD patients. Although 1-year mortality was not significantly different between the two groups (42.9%, 95% CI: 9.9-81.6 for ACHD patients; and 45.4%, 95%CI: 41.8-49.0 for non-ACHD patients), chronic VAD (14.3%, 95%CI: 0.4-57.9 vs. 5.4%, 95% CI: 3.9-7.2) and heart transplantation(28.6%, 95% CI: 3.7-71.0 vs. 5.2%, 95% CI: 3.8-7.0) tended to be more frequent in the ACHD group, although the difference was not statistically significant.5.

5-Discussion

Based on a large nationwide prospective multicentre study on CS, we report, for the first time, data on CS in ACHD patients. The main results are as follows: (1) ACHD accounted for 0.9% of all CS in an unselected cohort from a broad spectrum of CS; (2) initial presentation is quite similar between ACHD and non-ACHD patients, despite younger age, fewer co-morbidities and more cardiac his-tory; (3) in-hospital management is less invasive (less temporary mechanical circulatory support and mechanical ventilation), but needs more expert assessment with right heart catheterization; (4)early and long-term all-cause mortality rates are not different from those of non-ACHD patients (42.9% for ACVD patients vs. 45.4% for non-ACHD patients at 1 year); and (5) ACHD patients tend to benefit from more chronic VAD and heart transplantation. Data on CS in ACHD patients are extremely rare. In a single-centre cohort of Latino patients with acute heart failure (n = 21,042),404 cases of CS were reported, including four (1%) ACHD patients, with an in-hospital mortality rate of 71.3% [START_REF] Gonzalez-Pacheco | Clinical phenotypes, aeti-ologies, management, and mortality in acute heart failure: a single-institutionstudy in Latin-America[END_REF]. However, no clinical phenotypes, aetiologies or details about the management of this specific population were provided.

Whereas ACHD patients were younger and had fewer co-morbidities in our cohort, their prognosis seemed as poor as for the other patients. Cardiac history with frequent haemodynamic sequelae probably explains this result, justifying close monitoring of ACHD patients at risk of compromised haemodynamics, such as those with a single ventricle, systemic right ventricle or pulmonary arterial hypertension.

No temporary mechanical circulatory support was used during hospitalization for the ACHD patients in our study. Extracorporeal life support is commonly used as a mechanical circulatory sup-port after cardiotomy [START_REF] Acheampong | Postcardiotomy ECMO support after high-risk operations in adult congenitalheart disease[END_REF][START_REF] Michel | Bridging patientsin cardiogenic shock with a paracorporeal pulsatile biventricular assist deviceto heart transplantationa single-centre experience[END_REF], but was rarely reported for medical CS in ACHD patients. In a recent large cohort of 249 patients on extracorporeal life support, only two were ACHD, implanted for exacerbation of "chronic" heart failure [START_REF] Tarzia | Extracor-poreal life support in cardiogenic shock: impact of acute versus chronic etiologyon outcome[END_REF]. The ACHD population is heterogeneous by definition, and often has complex underlying anatomy (such as abnormal situs, dextrocardia, azygos return, systemic right ventricle and malposition of the great arteries) and pathophysiology (Fontan circulation, residual shunt), which could pose a challenge to proposing temporary mechanical circulatory support, and may explain its underutilization.

Chronic VAD remains an option for ACHD patients, even if they represented < 0.1% (n = 126) of patients included in the Interagency Registry for Mechanically Assisted Circulatory Support (INTER-MACS) [START_REF] Vanderpluym | Outcomes following implantation of mechanical circulatory support inadults with congenital heart disease: an analysis of the Interagency Registry forMechanically Assisted Circulatory Support (INTERMACS)[END_REF]. Nevertheless, the comparison of ACHD and non-ACHD patient outcomes in this database showed that ACHD patients were more likely to experience multisystemic organ failure, late-onset cardiac arrhythmia, infection and device malfunction compared with non-ACHD patients after VAD implantation [START_REF] Cedars | An InteragencyRegistry for Mechanically Assisted Circulatory Support (INTERMACS) analysisof hospitalization, functional status, and mortality after mechanical circula-tory support in adults with congenital heart disease[END_REF].

Conversely, cardiac transplantation in ACHD has been well assessed [START_REF] Monaco | Transplant and mechanical circulatory supportin patients with adult congenital heart disease[END_REF]. Despite initial higher operative and post-operative risks in ACHD recipients, long-term prognosis seems similar, with84.2% survival at 1 year and 69.7% at 5 years [START_REF] Crossland | Outcomefollowing heart transplant assessment in adults with congenital heart disease[END_REF].

One-year all-cause mortality after CS is similar between ACHD and non-ACHD patients, affecting almost one in two patients, although ACHD patients are younger and with fewer comorbid disorders. CS triggers were similar between the two groups. However, substrates of ventricular/supraventricular tachycardia triggers are mainly surgical scars in ACHD patients rather than myocardial ischaemia in non-ACHD patients [START_REF] Ramlakhan | Adult patients with congenital heart disease in the intensive care unit[END_REF]. Poor compliance and iatrogenic factors related to the medical treatment seemed more prevalent in ACHD patients, under scoring the need for patient education about cardiac drugs and close monitoring of compliance. Referring to multidisciplinary expert centres should be the rule in the management of ACHD patients with CS, providing appropriate therapeutic interventions through heart catheterization, electrophysiological procedures, temporary and chronic mechanical circulatory support and transplantation [START_REF] Cordina | Management errors in adults with congenital heart disease: prevalence,sources, and consequences[END_REF].

Study limitations

As an observational registry, the FRENSHOCK registry faced the usual limitations. First, inclusions were probably neither exhaustive nor consecutive in all centres. Second, initial CS severity and mortality may have been underestimated, because patient consent was mandatory before inclusion as a result of administrative regulations; early death at admission may not have been included. Third, detailed aetiology of CS was not recorded in the electronic reporting form and, further, could not be precisely analysed (takotsubo cardiomyopathy, pulmonary embolism, acute decompensation of chronic heart failure, etc.); however, CS triggers were recorded. Fourth, an underestimation of ACHD declaration is possible, especially for mild CHD, such as aortic bicuspid valve or atrial septal defect, but is less probable for CHD with moderate or severe complexity. Fifth, despite a large national registry, the ACHD group was small (n = 7), reflecting the low prevalence of ACHD in the general population, which precludes statistical comparison or propensity matching. However, because of the major increase in the number of adult patients with complex CHD, CS may be more prevalent in the future, justifying larger multicentre collection [START_REF] Benziger | Pro-jected growth of the adult congenital heart disease population in the UnitedStates to 2050: an integrative systems modeling approach[END_REF].

Conclusion

CS in ACHD is rare, accounting for only 0.9% of an unselected CS population. Despite a younger age and fewer co-morbidities, the prognosis of ACHD patients remains severe and similar to that of non-ACHD patients. ACHD present unique anatomical and physiological challenges that require multidisciplinary management in an expert centre to improve CS outcomes (Central Illustration).Central Illustration. Cardiogenic shock in adults with congenital heart disease: insights from the FRENSHOCK registry. ACHD: adult congenital heart disease; CS: cardiogenic shock: MCS: mechanical circulatory support; RHC: right heart catheterization; VAD: ventricular assist device.
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