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Abstract

Purpose of Review Adults with congenital heart disease (ACHD) are a complex and growing population that presents numer-
ous challenges for anesthetic management. This review summarizes special considerations for anesthetic management in
ACHD.

Recent Findings The adult patient with congenital heart disease may require anesthetic care for multiple surgeries and
interventions throughout their lifetime. The cardiac and extracardiac manifestations of ACHD have important perioperative
implications that affect anesthetic management. Recent American Heart Association/American College of Cardiology and
European Society of Cardiology guidelines endorse a multidisciplinary, team-based approach to care. The cardiac anesthe-
siologist, endorsed as part of this multidisciplinary team, must have a thorough understanding of congenital heart disease
pathophysiology and common extra-cardiac manifestations of ACHD.

Summary Safe anesthetic management in adult congenital heart disease should incorporate a multi-disciplinary approach
to patient care. Anesthesiologists and centers with special expertise in ACHD care should be utilized or consulted whenever

possible.

Keywords Congenital heart disease - Cardiac anesthesia - ACHD - Extra-cardiac manifestations of ACHD

Introduction

Moderate to severe congenital heart disease (CHD) occurs
in approximately 1% of live births [1, 2]. Improvements in
pediatric cardiology, congenital cardiac surgery, and perio-
perative intensive and anesthetic care have led to increased
longevity in the CHD population, with most patients now
living well into adulthood, and it is estimated that the
number of adults with congenital heart disease (ACHD)
exceeds the pediatric CHD population [2]. The heterogene-
ity of cardiac defects found in congenital heart disease is
significant, and while some congenital cardiac malforma-
tions can be surgically corrected during childhood, many
cardiac lesions can only be palliated. Thus, adult patients
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with congenital heart disease may have numerous surgi-
cal reoperations, percutaneous interventions, and electro-
physiologic procedures related to their respective cardiac
lesion. They also frequently present to the operating room
for non-cardiac surgery. Heart failure, pulmonary hyperten-
sion, and arrhythmias are common sequelae in the ACHD
population, but these patients also have other significant
extracardiac comorbidities and associated syndromes that
warrant special consideration and increase perioperative
risk [3, 4]. In addition, adults with congenital heart disease
are often lost to follow-up during transition of care from
pediatric to adult cardiology specialists, sometimes leaving
their burden of cardiac and comorbid disease unmanaged
for several years [5, 6]. Given the growing population of
adult patients with congenital heart disease and a limited
number of specialized ACHD centers and providers [7],
physicians and health care providers in non-specialized
ACHD centers may encounter these patients in their daily
practice. This review will specifically focus on the anes-
thetic management of ACHD patients.
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Nomenclature and Surgical Risk
Stratification

Clinical tools exist to help assess surgical risk and to risk
stratify patients for congenital heart surgery, such as the
Society of Thoracic Surgeons (STS)-European Association
for Cardio-Thoracic Surgery (EACTS) Congenital Heart
Surgery Mortality Score and Categories (STAT Mortal-
ity Score and Categories) [8]. However, STAT Categories
only take into account surgical complexity, and ACHD
patients exhibit significant extracardiac comorbidities in
addition to the aging process. The 2018 ACC/AHA guide-
lines introduced a new classification system for defining
the severity of ACHD, the ACHD Anatomy and Physi-
ological Classification (ACHD AP) [9ee], which considers
the patient’s native anatomy, surgical repair, and current
physiology. The previous guidelines had defined disease
severity primarily by anatomy. The ACHD AP was not
intended to be used as a surgical risk or mortality score,
but at least one center has demonstrated its ability to
predict early mortality risk, similar to existing methods
[10]. As utilization of the ACHD AP classification system
becomes more widespread, this nomenclature may help
to standardize and improve perioperative communication
among multidisciplinary ACHD care teams.

Extracardiac Manifestations of Congenital
Heart Disease and Anesthetic Implications

Patients with ACHD typically have cardiac and non-cardiac
sequelae [11], as well as a higher risk of certain types of
cancers [12] and metabolic syndromes [13]. Preoperative
assessment of ACHD patients requires an individualized
approach because of the heterogenous nature of this patient
population (see Fig. 1). Baehner and colleagues describe a
four-pronged approach to preoperative evaluation in ACHD
[14]:

1. Knowledge of the underlying anatomic defect in each
individual patient

2. How the patient has been managed, whether surgically
corrected or palliated, and what is the expected clinical
course of the patient, especially if they have moderate
or complex CHD

3. Awareness of the long-term cardiac and non-cardiac
consequences of ACHD which could complicate the
anesthetic management

4. The type of surgical procedure being performed and the
inherent risks of that procedure in addition to the risks
conferred by the underlying ACHD sequelae
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Heart Failure

Heart failure is a common concern in ACHD patients and
can involve either the left or right ventricles or both. It is
more common in patients with complex CHD compared to
simple lesions. Heart failure symptoms are present in 32% of
patients with L-TGA, 22% of patients with D-TGA after an
atrial switch procedure, and 40% of single-ventricle patients
with Fontan palliation [15]. Heart failure is difficult to diag-
nose in these patients, as they may have shortness of breath
and reduced exercise tolerance simply due to their CHD.
Conversely, patients may be well-compensated, but may still
have underlying ventricular dysfunction. An analysis of car-
diac arrests in children with pediatric heart disease showed
that patients with heart failure were more likely to arrest
from cardiovascular causes than those without heart failure.
The most common underlying lesion in those who arrested
was single-ventricle physiology, whereas the highest mor-
tality was seen in patients with aortic stenosis and cardio-
myopathy [16]. It is imperative to document the patient’s
ventricular function and exercise capacity preoperatively.
An echocardiogram should be obtained and reviewed, as
well as measurements of biomarkers such as N-terminal pro
brain natriuretic peptide (NT-Pro-BNP), which has a strong
correlation with cardiovascular events in patients with heart
failure [17, 18]. Advanced imaging and a discussion with
the congenital cardiology team may be required. In some
instances, identification of the etiology of heart failure and
its correction is warranted before elective non-cardiac sur-
geries. An example would be pulmonary valve replacement
in a tetralogy of Fallot (TOF) patient with severe pulmonary
regurgitation and consequent right ventricular (RV) dysfunc-
tion. In more complex lesions that have been palliated, such
as d-transposition treated with an atrial switch procedure,
there may be baffle obstruction or dysrhythmias that need
to be addressed with interventional or electrophysiology
procedures [19].

Heart failure can complicate induction and mainte-
nance of anesthesia. In patients with significant ventric-
ular dysfunction, an arterial catheter should be placed
preoperatively. Induction agents such as propofol can
reduce systemic vascular resistance and therefore, alter
preload, which can then reduce cardiac output and result
in hypotension. Patients may require a vasopressor, such
as phenylephrine or vasopressin, as a bolus or infusion.
If hypotension does not resolve and low cardiac output
is suspected, there should be a low threshold to initiate
an inotrope infusion such as epinephrine. With increased
competency in point-of-care ultrasound (POCUS) among
anesthesiologists, it may be appropriate to perform a
quick intraoperative assessment of cardiac function for
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Preoperative Considerations for ACHD Patients

Neurology:
- Neurodevelopmental
- Neuropsychiatric

Airway:
- Concurrent genetic abnormalities
- Predisposition for difficult airway

Hepatic:
- Congestive hepatopathy

Renal:
- Renal dysfunction

Cardiovascular:
- Heart failure
- Arrhythmias
- CIED management

Respiratory:
- PHTN
- Restrictive lung disease

'—.

Hematologic:
- Thrombosis

- Risk for bleeding
- Anemia

Fig.1 General preoperative considerations for the ACHD (adult congenital heart disease) patient. (PHTN =pulmonary hypertension,

CIED = Cardiovascular implantable electronic device)

refractory hypotension with a low threshold to call for a
transesophageal echocardiogram (TEE) by a cardiac anes-
thesiologist. It is also important to manage intraoperative
administration of crystalloids and blood products, since
these patients are at a high risk of decompensation and
volume overload.

Arrhythmias

Arrhythmias are common in patients with CHD and are
prevalent in adults with late intracardiac repairs, palliated
or unrepaired lesions [20]. They can range from asympto-
matic to hemodynamically significant and poorly tolerated,
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especially in the intraoperative period. Supraventricular
arrhythmias are most common in late ASD closures or
patients with atrial switch procedures and Fontan opera-
tions, where up to 50% of episodes can be symptomatic [21,
22]. Intra-atrial reentrant tachycardias are the most com-
mon etiology of supraventricular tachycardia (SVT) in late
ASD closures [23]. Patients may be managed with Class I or
Class III antiarrhythmic drugs, atrioventricular nodal block-
ing agents, antiplatelet agents, and/or anticoagulants. The
latter medications have implications for bleeding and risk of
thrombosis in the perioperative period. Ventricular arrhyth-
mias are common in those who have had a ventriculotomy,
such as TOF patients, or in those patients with reduced LV
or RV function [24]. Myocardial fibrosis and scarring from
prior ventricular incisions can impair conduction and lead
to a reentry circuit that can result in ventricular tachycardia.
These patients require implantable cardioverter defibrillator
(ICD) placement. Alternatively, patients may require per-
manent pacemaking for bradyarrhythmia, which can occur
due to sinoatrial (SA) or atrioventricular (AV) node injury
or ischemia.

Arrhythmias can complicate the perioperative course,
especially if they result in hemodynamic instability. It is
important to have quick access to emergency medications
and antiarrhythmics such as lidocaine and amiodarone, and
defibrillator pads should be placed on the patient with the
defibrillator system located inside or just outside the operat-
ing room for easy access. Preoperative team communication
should identify one individual in the operating room respon-
sible for managing the defibrillator at the direction of the
anesthesiologist for cardioversion, defibrillation, or pacing
during a poorly tolerated arrhythmia. In patients with a car-
diac implantable electronic device (CIED), device manage-
ment should be in accordance with the ASA practice advi-
sory on CIEDs [25]. Important individual details include the
brand and type of device the patient has, whether they are
pacemaker dependent and the device settings. If electrocau-
tery interference is expected above the umbilicus, the pacing
function should be switched to an asynchronous mode and
the ICD tachycardia function deactivated. All devices should
be interrogated postoperatively to restore baseline settings
and ensure proper function.

Pulmonary Hypertension

Pulmonary hypertension (PH) is common in ACHD, likely
due to long-standing intracardiac defects, with a prevalence
of approximately 10%. It is associated with perioperative
morbidity and death. Data from the pediatric literature
suggests that the incidence of perioperative cardiac arrest
ranges from 0 to 5%, and perioperative death occurs in up to
1.5% [16, 26]. PH can progress to Eisenmenger syndrome,
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which can limit operability of the intracardiac defect [27].
Eisenmenger syndrome also increases an individual’s risk of
premature death [28]. Anesthetic management begins with
preoperative assessment of severity of PH and the medica-
tions being used to manage it. Patients may be managed on
phosphodiesterase type-5 (PDES) inhibitors (sildenafil, tada-
lafil), endothelin receptor antagonists (bosentan, ambrisen-
tan), prostacyclin analogs (epoprostenol, treprostinil, ilo-
prost), or selective prostacyclin agonists (selexipag) [29],
and these medications may result in hypotension requiring
Vasopressors.

Acute hypoxia, hypercarbia, hypothermia, acidosis, and
sympathetic stimulation due to pain may cause a sudden
increase in pulmonary vascular resistance (PVR) leading
to acute RV failure. Principles of anesthetic management
include preventing acute increases in PVR while maintain-
ing systemic vascular resistance (SVR). In patients with PH,
it is advisable to place a pre-induction arterial line to moni-
tor hemodynamics carefully. Patients are preoxygenated with
a FiO, of 1.0, respiratory depressants such as opiates are
avoided, and a quick intubation is performed. There should
be a low threshold to initiate inotropic infusions such as
epinephrine (0.02-0.04 mcg/kg/min) prior to induction in
cases of significant RV dysfunction. Nitric oxide (20 parts
per million) and inhaled epoprostenol (50 ng/kg/min) can
be administered via the endotracheal tube or high flow nasal
cannula and can promote pulmonary vasodilation intra- and
postoperatively [30]. Regional anesthesia is preferred if pos-
sible. All patients should be monitored in an intensive care
unit postoperatively [31].

Bleeding and Thrombosis

Adults with CHD are prone to coagulation abnormalities,
which predispose them to both thrombosis and bleeding.
Patients may present with thrombocytopenia and platelet
dysfunction, as well as increased peripheral consumption.
One hypothesis is that megakaryocytes are introduced to
the systemic circulation in patients with right to left shunts
bypassing the pulmonary circulation and therefore not
fragmenting into platelets [32]. Additionally, acquired von
Willebrand syndrome is present in many ACHD patients,
especially those with complex CHD, advanced heart fail-
ure, and Eisenmenger syndrome [33]. A large subset of the
patients may also have preoperative anemia, especially those
with cyanotic CHD. Anemia is associated with adverse out-
comes including a threefold increased risk of death and war-
rants aggressive preoperative treatment [34]. It is important
for the anesthesiologist to be aware of these defects since
intraoperative bleeding in these patients often requires
component therapy other than red blood cells. Viscoelastic
testing is ideally obtained during bleeding to determine the
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need for coagulation factors, cryoprecipitate, platelets, and
fresh frozen plasma. Desmopressin (DDAVP) may be a use-
ful adjunct to decrease transfusion requirements in cases of
platelet dysfunction [35]. Many institutions use an algorith-
mic approach to bleeding in this patient population during
cardiac and non-cardiac surgery [36].

Hypercoagulability is an under-recognized complica-
tion of CHD. Adults with CHD have a tenfold higher rate
of stroke than matched controls [37], and thromboembolic
complications can result in increased mortality. Patients
with more complex CHD have the highest risk of thrombo-
embolic events, especially those with transposition of great
arteries (TGA), single-ventricle physiology, and cyanotic
CHD [38, 39]. Irrespective of the complexity of CHD, the
occurrence of atrial arrhythmias predisposes ACHD patients
to thromboembolic events, and atrial arrhythmias are three
times more prevalent in ACHD [40]. Other important risk
factors include diabetes mellitus, hypertension, and recent
myocardial infarction. Patients with a Fontan circulation are
especially prone to thromboembolic complications, with an
estimated prevalence of 10-25% [41, 42]. Their thrombo-
embolic predisposition is multifactorial: atrial arrhythmias
are highly prevalent [43], and static blood flow is common,
particularly in those Fontans with an atriopulmonary con-
nection [44].

Cyanotic CHD patients have a predisposition for sec-
ondary erythrocytosis due to chronic hypoxemia. Hypox-
emia stimulates overproduction of erythropoietin, leading
to increased red cell mass. The resultant increase in blood
viscosity can predispose to tissue ischemia and infarction.
Patients may present with symptoms of hyperviscosity syn-
drome, such as irritability, myalgias, and headaches when
the hematocrit exceeds 65% [45]. Prolonged overnight fast-
ing, which is common in the perioperative period, can exac-
erbate these symptoms. Patients should be questioned about
these non-specific symptoms during preoperative workup,
and coagulation studies should be performed. Patients may
need to be admitted overnight prior to surgery for intrave-
nous hydration. Overall, perioperative strategies to reduce
blood loss include preoperative coagulation testing, intra-
operative utilization of viscoelastic testing, administration
of antifibrinolytics, and the use of heparin management sys-
tems during cardiopulmonary bypass.

Renal Dysfunction

Renal dysfunction in ACHD patients is present in both sim-
ple and complex lesions. Complex CHD patients have an
almost 35-fold higher prevalence of renal dysfunction com-
pared to the general population, and patients with Eisen-
menger syndrome have the lowest glomerular filtration
rates (GFRs) [46]. The implications of renal dysfunction

are severe: those with moderate to severe reductions in GFR
have a threefold increase in mortality compared to those
with normal GFR [46]. The etiology is multifactorial: poly-
cythemia, chronic hypoxemia, exposure to nephrotoxins, and
cardiopulmonary bypass have all been implicated [46, 47].
In a recent study of ACHD patients who were predominantly
admitted to a cardiac ICU after cardiac surgery, 45% had
acute kidney injury (AKI) and of those, 33.7% had persistent
renal dysfunction, and 23.6% had AKI at the time of hospital
discharge. Both diagnoses were independently associated
with mortality at 5 years, and persistent renal dysfunction
was associated with a prolonged hospital length of stay [48].

Preoperative identification of renal impairment is help-
ful for the intraoperative and postoperative care of these
patients. Goals of anesthetic management should be to main-
tain perfusion pressure and cardiac output, as well as to opti-
mize preload. In the postoperative period, these patients may
warrant diuresis or early initiation of continuous venovenous
hemofiltration (CVVH) to manage volume overload and to
improve venous congestion after cardiac surgery compli-
cated by RV dysfunction [49].

Anesthetic Management

The ACHD population is heterogeneous, and patients with
similar congenital heart defects can present to the operating
room with very different cardiac pathophysiology and extra-
cardiac comorbidities. A multidisciplinary approach should
involve close perioperative communication between the
cardiologist, surgeon, intensivist, and anesthesiologist. No
single anesthetic technique is appropriate for every patient,
every CHD lesion, or every surgical procedure. Patients with
simple lesions, even corrected ventricular septal defects and
atrial septal defects, may have increased risk of developing
pulmonary hypertension throughout life [50], and simple
defects also appear to be associated with increased morbidity
[51]. Thus, it is important for the anesthesiologist to have a
thorough understanding of the patient’s lesion, previous sur-
gical repairs or interventions, any comorbid conditions, and
how anesthetic management and any surgery or intervention
could impact the patient’s pathophysiology. Preoperative
echocardiography, catheterization data, and other pertinent
imaging, laboratory tests, and available hemodynamic data
should also be reviewed. A thorough airway examination is
critical, as patients with congenital heart disease and espe-
cially those with coexisting genetic syndromes may have air-
way abnormalities that could make laryngoscopy or place-
ment of an endotracheal tube difficult [52, 53].

Prior to induction, American Society of Anesthesiolo-
gists (ASA) standard monitors are placed. External pacing/
defibrillator/cardioversion pads are placed due to higher risk
of arrhythmias, which can lead to hemodynamic instability,
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especially during anesthesia induction and sternotomy. A
low dose of anxiolytic medication, typically midazolam,
may be utilized in selected patients preoperatively, but it
should be noted that use of midazolam is associated with
post-operative delirium, particularly in geriatric patients
[54]. For vascular access, large bore intravenous (IV) cath-
eters (size 18 gauge or greater) are placed, and arterial line
monitoring and central venous access are preferred for major
cardiac surgery, with the arterial line placed prior to induc-
tion of anesthesia to quickly identify and treat hemodynamic
instability. The anesthesiologist must be prepared for diffi-
cult central and peripheral intravenous catheter placement,
as the ACHD patient may have scarring or thrombosis from
previous cannulation sites, and the patient’s anatomy may
be limited by previous shunts, repairs, or arteriovenous fis-
tulas for hemodialysis access. In most cases requiring gen-
eral anesthesia, induction of anesthesia can be performed
safely with an opioid such as fentanyl, an anesthetic such as
propofol or etomidate, and a neuromuscular blocking agent.
Propofol must be used cautiously, as it can significantly
decrease SVR, leading to hypotension and hemodynamic
instability. In especially tenuous ACHD patients with ven-
tricular dysfunction or Eisenmenger syndrome, empiric use
of vasopressor or inotrope infusions may lead to a more sta-
ble induction [55]. Maintenance of anesthesia is typically
accomplished with a balanced approach that includes opi-
oids, inhaled volatile anesthetics such as sevoflurane or iso-
flurane, and neuromuscular blocking agents. Generally, for
ACHD patients with shunt-dependent physiology, anesthetic
and hemodynamic management goals should be directed at
maintaining the patient’s baseline hemodynamics, periph-
eral oxygen saturation (SpO,), heart rate, and cardiac out-
put, while minimizing left to right shunting and avoiding
right to left shunting. The degree of shunting or pulmonary
blood flow to systemic blood flow ratio (Qp:Qs) is often a
primary determinant of intervention, with Qp:Qs> 1.5 being
abnormally elevated. Anesthetic and hemodynamic manage-
ment goals for some common ACHD lesions are described
in Table 1.

The anesthesiologist must be adept at manipulation of
PVR and SVR. The SVR can be increased by pain, surgical
stimulus, inadequate or light anesthesia, and administration
of vasopressor medications, while PVR can be increased by
acidosis, hypoxia, hypercarbia, hypothermia, and use of pos-
itive end expiratory pressure ventilation (PEEP). Notably,
the use of PEEP can also cause a decrease in PVR after lung
recruitment for atelectasis. During anesthesia induction, it is
customary to preoxygenate with high inspired concentration
of oxygen (FiO,), but the anesthesiologist must be aware
that in certain patients, this can lead to pulmonary vasodila-
tion, pulmonary overcirculation, decreased cardiac output,
and hemodynamic instability, a potentially lethal cycle if
not quickly acknowledged and treated. After induction, it is
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appropriate to use the lowest FiO, possible to maintain the
patient’s baseline SpO,. Intraoperative TEE is performed
after induction of anesthesia and post-repair during car-
diac surgery, and it is not uncommon to discover additional
lesions intraoperatively or residual defects post-repair [56].
Identification and communication of these findings to the
operative team is critical. Intravenous inotropes are com-
monly used to treat ventricular dysfunction in the post-
cardiopulmonary bypass period, and milrinone or inhaled
pulmonary vasodilators may be beneficial in the setting of
RV dysfunction with pulmonary hypertension.

Other anesthetic considerations include surgical bleeding
risk and blood product management, as the ACHD patient
can have increased bleeding and transfusion requirements
from previous sternotomies, preoperative anemia, antico-
agulation therapy, hepatic dysfunction, thrombocytopenia,
and platelet dysfunction. Intraoperative antibiotic selection
is also important, as patients with ACHD are at increased
risk for developing infective endocarditis and have high mor-
bidity and mortality when this occurs [57].

Postoperative Considerations: Early
Extubation

Patients with CHD present unique challenges in the early
postoperative period. There is a continued emphasis to extu-
bate cardiac surgical patients early in the intensive care unit
(fast-track extubation) or even in the operating room (ultra-
fast-track extubation). Patients who have had extra-cardiac
total cavopulmonary connections are uniquely sensitive to
the effects of mechanical ventilation. Positive pressure ven-
tilation can alter intrathoracic pressure and reduce venous
return and cause hypotension and hemodynamic instability.
Therefore, early extubation of Fontan patients in the OR or
ICU is a well-accepted strategy. Ono and colleagues com-
pared early extubation (median time 4 h) even in unstable
patients, with a slower extubation process (median time
16 h) in 458 patients undergoing extracardiac total cavopul-
monary connection. They found significant improvement in
hemodynamics after early extubation, both in patients who
were stable and unstable [58].

Cardiopulmonary mechanics are also important in adults
with CHD following cardiac surgery. In general, the goal
should be to achieve early extubation in these patients.
Some patients may have impaired RV function, which may
be sensitive to the impact of excessive PEEP and positive
intrathoracic pressure, which could reduce preload and result
in decreased LV filling and cardiac output. If extubation is
premature, especially in obese individuals or those with
obstructive sleep apnea, hypercarbia can occur and precipi-
tate RV failure leading to hypotension and hemodynamic



Current Cardiology Reports

YAd MmO[ pue
‘(ASN) AuoryouAs Ie[nornuaAoLne ‘peofard urejurejy

A)NOeNUOD UTRIUTRIA
UAd MmO[ pue
‘(ISN) AuoIyouAs Je[noLuaAoLne ‘peojaid urejurejy

ainssaxd uorsnjrod A12U0100 UTEIUTEIA

KImoenuod Ay Urejurey

(ISN) AuoIyou£s Je[noLIUSAOLIE UTRJUIRIA
AAS UI S25BI100p puB YA J Ul SISBAIIUT PIOAY
BIPIBOAYOR) puE AJI[T)OBIUOD UI SISBAIOUT PIOAY

peofIo)je ‘peofald ‘BIUID[OAOWIOU UTRJUIRIA
ainssaxd uorsnjrod A18U0100 UTRIUTRIA

erxodAy pue junys 3j9[
01 JyS11 Sursned onelr YA S YA Ul SeaI0Ul PIOAY

0D urejurewr 03 peojard ‘A)[1IoOENUOD “YH UTRIUIRIA

UuoNe[NOINIA0 Areuownd ProA. 0} YA UTBIUTRIA

91qrssod J1 9se0 381 9[npayos “peorard
S9SBAIOAP (sewn OJN) Sunsej aaneradoriog

UONE[NUUED SNOUIA

renuad joedwr ued saredar snotaaxd pue Awojeuy
uononput o} Jorxd

sped 10Je[[LIqOp/uUOIsIdAOIpIeY/Sutoed [RUI)XH

uonounysAp AY pue Hd J1oj o[qereae
QuouLITW o sioje[iposea Areuowynd pareyuy

OYH pue a1 YIm erwoydst K1euoI1od 10J JOJUOA

UONB[IJUA
snoauejuods Aewmdo pue Jggd [BWIUTA

uononput o3 Jorid
sped J0je[[LIqop,/uoIsIoA0IpIed/Suroed euIo)xg

aInyIej AY Ul UONEXSIUTWPE PINY YIIM UOHINED 3S()

uonounjsAp A pue Hd Ioj o[qe[ieae

QuOuLITW Jo/pue s10je[IposeA Areuowrnd pareyuy
uononpur o3 Jorid

sped J03e[[LIqIop/uOISIaAOIpIeY/Surded [euIa)Xy

ddD pue JAS 258aId9p ydrym
[ojodoid pue soneyIsaUE S[IB[OA )M UOTINED IS}

OYH pue AL YIIM LIUaydsT A1euoIod I0J JIOJUOA

(3poen-sey)
NDI 10 (oen-isej-enyn) JYO Ul uoneqmixa Areg

uonounjsAp AY pue Hd I0J S[qe[ieAe
QuOULITIW 10 sioje[iposeA Areuowynd pareyuy

uone[ndIIaA0 Areuowynd asned Kew QL ySIyg

uononput o3 Jorid
sped J0je[[LIqop/UoISIoA0IpIEd/Suroed eUIo)XT

SIO)[Y IIe JO SN pue SAUI] JO SULIIe-9

(uua[D 10 URIUO Sk Juasaid ue)))
Iredor jo a3e3s pue A3ojoydiow 9[o1nUAA [3UIS

(uowrwod SUSA) S199Jp JRIPILD PIAIRIVOSSY

dDI/INdd 2Aey
U)JO "YIeap UIPpNs pue o0[q HedY ‘SeIUIAYIIY

uowwod s309§op uorsnjrad K19yre K18U0I0D)
vorda

ur aInjrej Je[nornuaA (d1wa)sAs) Jy3ur o13ojoydioy
amjrey

11eY Ul J[npe se Juasald Aew (YD 99) VOI-T
[oJIMmS [eLI)Ie

SA (Suruuag 1o pre}snjy) [erne ‘YO I-T SA VOI-A
uouruod

SONI[RWIOUQE [B)TUSTUO0D JOYJO pue [ AWOSLI],

UOWWOD UOT)OUNISAP JR[NOLNUAA JYITY

yreap
JBIPIED UOPPNS PUE “YOO[q 118 ‘SeIUIAYILIY

yioq 10
‘uone3msar ‘s1soud)s aAfea Areuownd ‘OTOAY

S[RIIR[[0D JV
Jo douasaid ‘syoayep [enprsar pue aredar Jo arnjeN

UOTIUSAIAUT A J J0J Juasaid
udyjo ‘ynpe se aredor Arewrid 10j juasaxd Ajorey

Awojeue K19)1e AIRUOIO SNOUSFOINNOH

AS1010Xd
Surnp yjeap oeIpIed uappns se jussaid ue)

onewoldwAse sjuened jo Ajofejy

Sununys

339[-03-)YySLI UI IND0 UL SN[OqUI [BIIXOPRIe]
(arex) owoIpuAs

I3uawuasty pue uorsualRdAy Areuowng

300][q B3y pue ‘UONEB[[LIqY [eLNe ‘Seruyl YLy
syunys 1Yy311-03-1J9] APUBUIIOPAI]

(uu9[DH/urIUO) S[OLNUA J[IUIS

SoLI9)IE 18IS Jo uonisodsuely,

Jo1TR] JO ASorenay,

SALIdLIe K1eU0100 snofewouy/

(Vad/asA/asy) swunyg odurg

S[e03 OTWRUAPOUISH

SUOTJEIIPISUOD ONAYISIUY

suI0u0d dr3oforsAydoyeq

UoIssf dHO

$109J9Pp 11eay [e}UA3U0D JOJ S[e03 Juodgeur JIWEBUAPOWAY PUE ‘SUONBIIPISUOD JNAYISAUE ‘SuIdouod d13ojorsAydoyled | ajqel

pringer

A's



Current Cardiology Reports

UuorONIISqo 1081} MOJINO JR[NILNUA 3] O.LOAT ‘AyredoAworpies aanonnsqo drqdontadAy wooH orer Kiojendsar yy ‘amssard Kiojendsur

yead g4 ‘emssaxd poojq gg ‘Tero 1od [Iu OgN “I01B[[LIqYep-IalIoAolpred s[qejuerdwr (77 ‘Toyewosed juouewrtod jydJ ‘soLIo)re 1ea1S oy Jo uonisodsuen) poejoarrod A[[eIuaSuod yo 100 ‘unikyl
snuis [ewtou ySN ‘amssaid Arojendxe-pud aanisod gg7d ‘UONONIISQO JOBI} MOPINO IB[NILIUAA WS OLOAY ‘Areuowndojioe Jy ‘oarea Areuownd A4 ‘ernssaid uorsnjrod Areuoiod ggoH
‘ure1301pIesonod[e nyy ‘AydeiSorpresoyss eaSeydosasuen 77 ‘QOUBISISAT JR[NOSBA JIWRISAS YA S ‘Indino oeIpIed ) ‘AlRl 1By Y ‘9oue)sIsal Te[nose Areuouwrnd YyA4 9IUn 2185 QAISUIUI
121 ‘woor unerado Yy ‘OponusA W3 AY ‘vorsudradAy Areuownd g4 ‘uaSAxo paxdsur jo uonoely o1 ‘snsorrdlre snonp judted Y4 109)op [eides Ie[nornuaA (7§A 1095ep [eides [eLe gsy

$109Jop 1183y [EITUASU0D J[NPE JO IST] SATISNRYXI-UON

BIPIBOAYOR) puk AJI[T)OBIUOD UI SISBAIOUT PIOAY
peoIa)je
urejurew pue peofaid yS1y o} [eurIou UTBIUIRIA

QuIn[oA [epn Joysiy
‘ddHAd [PWIUIW Y MO[ ‘d]d MO[ S1O8Ie) UOTR[HUSA

amssa1d oroeIoyIRIIUT
pue uone[nuoA anssaid aanisod ozrwrur

uononput 03 Jord

sped J0je[[LIqyop/uoISIoAOIpIed/Iuroed [RUIAIXT
Awojookwr 1931J8 JSA

[enpIsal pue ‘JUAIpeIs ‘O LOAT duIuex? o3 g1,
UAS 95BIIIIP YoIym

[ojodoid pue sonaylsaue [IIB[OA IIM UONINBD)
uononpur 03 Jord

sped J0je[[1IqQyop/uoIsIoAoIpIed/Iuroed [RUIAIXT
(3oen-isey)

NDI 10 (3oen-sej-enyn) JYO Ul uoneqmixd Apreg
uonounjsAp Ay pue

Hd 10 9[qe[ieAe sioje[iposea Areuownd pajeyuy
UINJAI SNOUSA 9SBIIOIP

Kdoosorede] pue uonemuaa assaxd 9ATISOJ

Suriojruowr
dd pue ssoooe Je[nosea jooye siredar snoradlg

saje[yIe SUnok ur yjesp Jo asned Jurpea|

uopouny J1joIseIp
[ewIOUQR pUB UOT)OUN] JT[0ISAS orwreuApIrad A
KIMOeIUOD PasLaIoul ‘peolIolje
pue peofaid pasearoop £q pauasiom OLOAT
yyeap uappns
pue ‘eoudsAp ‘eurue ‘9doouAs yIm pIJeIOOSSY WDOH

dDI/INdd @'Y
U91JO "YIeap Uappns pue Yo0[q 1edY ‘SeruyIAyIry

J1e)s onjoquuoayoid pue orway)AoK[od
snigouoiq snserd ‘(471d)

uonLNU[ewW ‘@Infrej [eual ‘uonoungsAp onedoy
MO} poo[q

Kreuownd aatssed uo yuspuadop Jndino oerpie)

(PalenSoULJUN ‘PIJLIISAUJ
‘Jouun) [e19)e[ ‘OrIpIeoRnX) Iredar uejuo, jo odAy,

S[e03 JTRUAPOWH

SUOTJEIOPISUOD OTIOYISOUY

suI0u0d dr13o[o1sAydoyeq uors9] qHD

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



Current Cardiology Reports

collapse. Therefore, while early extubation is preferred, the
readiness to extubate should be thoroughly evaluated before
discontinuing mechanical ventilation.

Smaller studies have evaluated the feasibility of early extu-
bation of ACHD patients in the operating room. Weismann
and colleagues noted that a higher BMI and Risk Adjust-
ment for Congenital Heart Surgery (RACHS) score were
strong predictors of deferring extubation in the operating
room [59]. Early extubation also results in improved out-
comes and lower costs for the patients [60]. Bianchi and
colleagues performed a retrospective analysis on 711 pro-
cedures and found that patients in the ultra-fast-track extu-
bation cohort required less volume resuscitation, inotropes,
and vasopressors and had a shorter ICU length of stay com-
pared to those who underwent conventional extubation. Most
importantly, the reintubation rate was low [61e]. Overall,
appropriately selected ACHD patients can be great can-
didates for early extubation, whether it is fast-track in the
ICU (within 6 h of ICU admission) or ultra-fast-track (in the
operating room).

Where Should ACHD Care Take Place,
and by Which Anesthesiologist?

Patients with ACHD, especially severe forms of disease,
have decreased mortality when cared for in specialized
ACHD centers [62]. This is likely due to the higher level
of ACHD experience and expertise found in these centers.
It follows that the perioperative care of the ACHD patient
should occur at specialized ACHD centers with the relevant
clinical ACHD expertise and resources to provide opti-
mal patient care. The Adult Congenital Heart Association
(ACHA), in efforts to standardize and advance the quality
of ACHD care, outline specific staffing and services require-
ments for its ACHD Comprehensive Care Center Accredi-
tation Program, including cardiac anesthesiologists with
ACHD training or experience [63]. Both the 2018 AHA/
ACC Guideline for the Management of Adults with Con-
genital Heart Disease and the 2020 European Society of
Cardiology (ESC) guidelines for the management of adult
congenital heart disease emphasize the importance of a col-
laborative, multidisciplinary ACHD care team, identifying
cardiac anesthesiologists with CHD training and expertise
as key members [9ee, 64]. The 2018 AHA/ACC Guidelines
recommend that in all but the simplest cases of ACHD
(ACHD AP classification IA), administration of anesthesia
for invasive procedures should be performed by, or in col-
laboration with, an anesthesiologist with expertise in the
management of patients with ACHD. In cases where clinical
urgency precludes transfer of the patient, the 2018 AHA/
ACC guidelines recommend that consultation with an anes-
thesiologist with ACHD expertise would be of benefit to

on-site providers without ACHD expertise. Thus, it seems
reasonable that clinicians with specific expertise in ACHD
and CHD should be utilized whenever indicated.

It remains unclear who is best suited to provide anesthetic
care for adult patients with CHD. Patients with ACHD can
receive perioperative care at both pediatric and adult heart
centers, so it stands to reason that those anesthesiologists
with backgrounds in either adult cardiac anesthesia and/or
pediatric cardiac anesthesia should provide their anesthetic
care. However, most anesthesiologists in practice have very
limited training or experience with CHD, and a retrospec-
tive closed claims analysis of adult patients with CHD found
that intraoperative anesthetic care and lack of CHD knowl-
edge were factors contributing to adverse events or patient
injury [65]. Furthermore, a survey of anesthesiologists at
a large academic anesthesia department found that overall
knowledge of CHD was highly variable, and that fellowship-
trained cardiac and pediatric anesthesiologists possessed the
highest levels of CHD knowledge [66]. This demonstrates
not only the importance of ACHD patients receiving appro-
priate perioperative care at specialized ACHD centers, but it
also illustrates the need for further specialized ACHD train-
ing for those anesthesiologists who are charged with provid-
ing perioperative care for patients with ACHD. Filling this
need for further ACHD training by anesthesiologists will
be difficult given the shortage of specialized ACHD centers
and board-certified ACHD cardiologists and other special-
ists [67, 68]. Currently, there are no specific ACHD training
pathways or ACHD certifications for the cardiac or pediatric
anesthesiologist. In practice, a myriad of different combina-
tions of cardiac, pediatric, and pediatric cardiac anesthesia
fellowship training and years of clinical experience comprise
the teams of anesthesiologists who provide anesthetic care
for ACHD patients. However, a proposal by the Congenital
Cardiac Anesthesia Society to standardize pediatric cardiac
anesthesia fellowship training has been accepted by the
Accreditation Council for Graduate Medical Education [69],
emphasizing the current need to augment CHD anesthesia
education. As the population of adults with CHD grows,
there will also be a need to address the deficiency of anes-
thesia training specific to ACHD.

Conclusion

Improvements in clinical care of ACHD have ensured that
more patients are living into adulthood than ever before. As
these patients grow older, they will require numerous surgi-
cal operations, percutaneous interventions, electrophysiol-
ogy procedures, and non-cardiac surgeries, most of which
necessitate exposure to anesthesia. Many of these patients
are critically ill, so a multidisciplinary approach to their
perioperative care is essential. The cardiac anesthesiologist
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must possess a thorough understanding of the cardiac patho-
physiology and extracardiac manifestations relevant to each
individual patient to ensure optimal care is provided. Recent
ACHD guidelines emphasize the need for perioperative care
to occur at specialized ACHD centers with involvement of
cardiac anesthesiologists who have expertise in the anes-
thetic management of patients with ACHD. Given a grow-
ing ACHD population and a shortage of specialized ACHD
centers and board-certified ACHD physicians, new efforts
should be made to train and educate anesthesiologists with
the expertise needed to provide optimal and safe anesthetic
care for these patients.
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