
Vol.:(0123456789)1 3

Current Cardiology Reports 
https://doi.org/10.1007/s11886-022-01639-y

CONGENITAL HEART DISEASE (RA KRASUSKI AND G FLEMING, SECTION EDITORS)

Anesthetic Management in Adults with Congenital Heart Disease

Jon S. Andrews1   · Nazish K. Hashmi2

Accepted: 26 November 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

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.
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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 

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.

This article is part of the Topical Collection on Congenital Heart 
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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) [9••], 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

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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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, 

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



	 Current Cardiology Reports

1 3

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, 

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 (PDE5) 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 FiO2 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 



Current Cardiology Reports	

1 3

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 (SpO2), 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 (FiO2), 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 

appropriate to use the lowest FiO2 possible to maintain the 
patient’s baseline SpO2. 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	

1 3

Ta
bl

e 
1  

P
at

ho
ph

ys
io

lo
gi

c 
co

nc
er

ns
, a

ne
st

he
tic

 c
on

si
de

ra
tio

ns
, a

nd
 h

em
od

yn
am

ic
 m

an
ag

em
en

t g
oa

ls
 fo

r c
on

ge
ni

ta
l h

ea
rt 

de
fe

ct
s

C
H

D
 le

si
on

Pa
th

op
hy

si
ol

og
ic

 c
on

ce
rn

s
A

ne
st

he
tic

 c
on

si
de

ra
tio

ns
H

em
od

yn
am

ic
 g

oa
ls

Si
m

pl
e 

Sh
un

ts
 (A

SD
/V

SD
/P

D
A

)
Pr

ed
om

in
an

tly
 le

ft-
to

-r
ig

ht
 sh

un
ts

D
e-

ai
rin

g 
of

 li
ne

s a
nd

 u
se

 o
f a

ir 
fil

te
rs

M
ai

nt
ai

n 
PV

R
 to

 a
vo

id
 p

ul
m

on
ar

y 
ov

er
ci

rc
ul

at
io

n
A

rr
hy

th
m

ia
s, 

at
ria

l fi
br

ill
at

io
n,

 a
nd

 h
ea

rt 
bl

oc
k

Ex
te

rn
al

 p
ac

in
g/

ca
rd

io
ve

rs
io

n/
de

fib
ril

la
to

r p
ad

s 
pr

io
r t

o 
in

du
ct

io
n

M
ai

nt
ai

n 
H

R
, c

on
tra

ct
ili

ty
, p

re
lo

ad
 to

 m
ai

nt
ai

n 
CO

Pu
lm

on
ar

y 
hy

pe
rte

ns
io

n 
an

d 
Ei

se
nm

en
ge

r 
sy

nd
ro

m
e 

(r
ar

e)
H

ig
h 

Fi
O

2 m
ay

 c
au

se
 p

ul
m

on
ar

y 
ov

er
ci

rc
ul

at
io

n
A

vo
id

 in
cr

ea
se

 in
 P

V
R

:S
V

R
 ra

tio
 c

au
si

ng
 ri

gh
t t

o 
le

ft 
sh

un
t a

nd
 h

yp
ox

ia
Pa

ra
do

xi
ca

l e
m

bo
lu

s c
an

 o
cc

ur
 in

 ri
gh

t-t
o-

le
ft 

sh
un

tin
g

In
ha

le
d 

pu
lm

on
ar

y 
va

so
di

la
to

rs
 o

r m
ilr

in
on

e 
av

ai
la

bl
e 

fo
r P

H
 a

nd
 R

V
 d

ys
fu

nc
tio

n
Ea

rly
 e

xt
ub

at
io

n 
in

 O
R

 (u
ltr

a-
fa

st-
tra

ck
) o

r I
C

U
 

(fa
st-

tra
ck

)
A

no
m

al
ou

s c
or

on
ar

y 
ar

te
rie

s
M

aj
or

ity
 o

f p
at

ie
nt

s a
sy

m
pt

om
at

ic
M

on
ito

r f
or

 c
or

on
ar

y 
is

ch
em

ia
 w

ith
 T

EE
 a

nd
 E

K
G

M
ai

nt
ai

n 
co

ro
na

ry
 p

er
fu

si
on

 p
re

ss
ur

e
C

an
 p

re
se

nt
 a

s s
ud

de
n 

ca
rd

ia
c 

de
at

h 
du

rin
g 

ex
er

ci
se

U
se

 c
au

tio
n 

w
ith

 v
ol

at
ile

 a
ne

st
he

tic
s a

nd
 p

ro
po

fo
l 

w
hi

ch
 d

ec
re

as
e 

SV
R

 a
nd

 C
PP

M
ai

nt
ai

n 
no

rm
ov

ol
em

ia
, p

re
lo

ad
, a

fte
rlo

ad

H
et

er
og

en
ou

s c
or

on
ar

y 
ar

te
ry

 a
na

to
m

y
Ex

te
rn

al
 p

ac
in

g/
ca

rd
io

ve
rs

io
n/

de
fib

ril
la

to
r p

ad
s 

pr
io

r t
o 

in
du

ct
io

n
A

vo
id

 in
cr

ea
se

s i
n 

co
nt

ra
ct

ili
ty

 a
nd

 ta
ch

yc
ar

di
a

Te
tra

lo
gy

 o
f F

al
lo

t
R

ar
el

y 
pr

es
en

t f
or

 p
rim

ar
y 

re
pa

ir 
as

 a
du

lt,
 o

fte
n 

pr
es

en
t f

or
 P

V
 in

te
rv

en
tio

n
In

ha
le

d 
pu

lm
on

ar
y 

va
so

di
la

to
rs

 a
nd

/o
r m

ilr
in

on
e 

av
ai

la
bl

e 
fo

r P
H

 a
nd

 R
V

 d
ys

fu
nc

tio
n

A
vo

id
 in

cr
ea

se
s i

n 
PV

R
 a

nd
 d

ec
re

as
es

 in
 S

V
R

N
at

ur
e 

of
 re

pa
ir 

an
d 

re
si

du
al

 d
ef

ec
ts

, p
re

se
nc

e 
of

 
A

P 
co

lla
te

ra
ls

U
se

 c
au

tio
n 

w
ith

 fl
ui

d 
ad

m
in

ist
ra

tio
n 

in
 R

V
 fa

ilu
re

M
ai

nt
ai

n 
at

rio
ve

nt
ric

ul
ar

 sy
nc

hr
on

y 
(N

SR
)

RV
O

TO
, p

ul
m

on
ar

y 
va

lv
e 

ste
no

si
s, 

re
gu

rg
ita

tio
n,

 
or

 b
ot

h
Ex

te
rn

al
 p

ac
in

g/
ca

rd
io

ve
rs

io
n/

de
fib

ril
la

to
r p

ad
s 

pr
io

r t
o 

in
du

ct
io

n
M

ai
nt

ai
n 

RV
 c

on
tra

ct
ili

ty

A
rr

hy
th

m
ia

s, 
he

ar
t b

lo
ck

, a
nd

 su
dd

en
 c

ar
di

ac
 

de
at

h
M

in
im

al
 P

EE
P 

an
d 

op
tim

al
ly

 sp
on

ta
ne

ou
s 

ve
nt

ila
tio

n
R

ig
ht

 v
en

tri
cu

la
r d

ys
fu

nc
tio

n 
co

m
m

on
Tr

is
om

y 
21

 a
nd

 o
th

er
 c

on
ge

ni
ta

l a
bn

or
m

al
iti

es
 

co
m

m
on

Tr
an

sp
os

iti
on

 o
f g

re
at

 a
rte

rie
s

D
-T

G
A

 v
s L

-T
G

A
, a

tri
al

 (M
us

ta
rd

 o
r S

en
ni

ng
) v

s 
ar

te
ria

l s
w

itc
h

M
on

ito
r f

or
 c

or
on

ar
y 

is
ch

em
ia

 w
ith

 T
EE

 a
nd

 E
K

G
M

ai
nt

ai
n 

co
ro

na
ry

 p
er

fu
si

on
 p

re
ss

ur
e

L-
TG

A
 (c

cT
G

A
) m

ay
 p

re
se

nt
 a

s a
du

lt 
in

 h
ea

rt 
fa

ilu
re

In
ha

le
d 

pu
lm

on
ar

y 
va

so
di

la
to

rs
 o

r m
ilr

in
on

e 
av

ai
la

bl
e 

fo
r P

H
 a

nd
 R

V
 d

ys
fu

nc
tio

n
M

ai
nt

ai
n 

pr
el

oa
d,

 a
tri

ov
en

tri
cu

la
r s

yn
ch

ro
ny

 (N
SR

), 
an

d 
lo

w
 P

V
R

M
or

ph
ol

og
ic

 ri
gh

t (
sy

ste
m

ic
) v

en
tri

cu
la

r f
ai

lu
re

 in
 

D
-T

G
A

​
Ex

te
rn

al
 p

ac
in

g/
ca

rd
io

ve
rs

io
n/

de
fib

ril
la

to
r p

ad
s 

pr
io

r t
o 

in
du

ct
io

n
M

ai
nt

ai
n 

co
nt

ra
ct

ili
ty

C
or

on
ar

y 
ar

te
ry

 p
er

fu
si

on
 d

ef
ec

ts
 c

om
m

on
A

na
to

m
y 

an
d 

pr
ev

io
us

 re
pa

irs
 c

an
 im

pa
ct

 c
en

tra
l 

ve
no

us
 c

an
nu

la
tio

n
A

rr
hy

th
m

ia
s, 

he
ar

t b
lo

ck
, a

nd
 su

dd
en

 d
ea

th
. O

fte
n 

ha
ve

 P
PM

/IC
D

A
ss

oc
ia

te
d 

ca
rd

ia
c 

de
fe

ct
s (

V
SD

s c
om

m
on

)
Si

ng
le

 v
en

tri
cl

e 
(F

on
ta

n/
G

le
nn

)
Si

ng
le

 v
en

tri
cl

e 
m

or
ph

ol
og

y 
an

d 
st

ag
e 

of
 re

pa
ir 

(C
an

 p
re

se
nt

 a
s F

on
ta

n 
or

 G
le

nn
)

Pe
rio

pe
ra

tiv
e 

fa
sti

ng
 (N

PO
 ti

m
es

) d
ec

re
as

es
 

pr
el

oa
d.

 S
ch

ed
ul

e 
fir

st 
ca

se
 if

 p
os

si
bl

e
M

ai
nt

ai
n 

pr
el

oa
d,

 a
tri

ov
en

tri
cu

la
r s

yn
ch

ro
ny

 (N
SR

), 
an

d 
lo

w
 P

V
R



	 Current Cardiology Reports

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
H

D
 le

si
on

Pa
th

op
hy

si
ol

og
ic

 c
on

ce
rn

s
A

ne
st

he
tic

 c
on

si
de

ra
tio

ns
H

em
od

yn
am

ic
 g

oa
ls

Ty
pe

 o
f F

on
ta

n 
re

pa
ir 

(e
xt

ra
ca

rd
ia

c,
 la

te
ra

l t
un

ne
l, 

fe
ne

str
at

ed
, u

nf
en

es
tra

te
d)

Pr
ev

io
us

 re
pa

irs
 a

ffe
ct

 v
as

cu
la

r a
cc

es
s a

nd
 B

P 
m

on
ito

rin
g

M
in

im
iz

e 
po

si
tiv

e 
pr

es
su

re
 v

en
til

at
io

n 
an

d 
in

tra
th

or
ac

ic
 p

re
ss

ur
e

C
ar

di
ac

 o
ut

pu
t d

ep
en

de
nt

 o
n 

pa
ss

iv
e 

pu
lm

on
ar

y 
bl

oo
d 

flo
w

Po
si

tiv
e 

pr
es

su
re

 v
en

til
at

io
n 

an
d 

la
pa

ro
sc

op
y 

de
cr

ea
se

 v
en

ou
s r

et
ur

n
Ve

nt
ila

tio
n 

ta
rg

et
s l

ow
 P

IP
, l

ow
 R

R
, m

in
im

al
 P

EE
P,

 
hi

gh
er

 ti
da

l v
ol

um
e

H
ep

at
ic

 d
ys

fu
nc

tio
n,

 re
na

l f
ai

lu
re

, m
al

nu
tri

tio
n 

(P
LE

), 
pl

as
tic

 b
ro

nc
hi

tis
In

ha
le

d 
pu

lm
on

ar
y 

va
so

di
la

to
rs

 av
ai

la
bl

e 
fo

r P
H

 
an

d 
RV

 d
ys

fu
nc

tio
n

Po
ly

cy
th

em
ic

 a
nd

 p
ro

th
ro

m
bo

tic
 st

at
e

Ea
rly

 e
xt

ub
at

io
n 

in
 O

R
 (u

ltr
a-

fa
st-

tra
ck

) o
r I

C
U

 
(fa

st-
tra

ck
)

A
rr

hy
th

m
ia

s, 
he

ar
t b

lo
ck

, a
nd

 su
dd

en
 d

ea
th

. O
fte

n 
ha

ve
 P

PM
/IC

D
Ex

te
rn

al
 p

ac
in

g/
ca

rd
io

ve
rs

io
n/

de
fib

ril
la

to
r p

ad
s 

pr
io

r t
o 

in
du

ct
io

n
H

O
C

M
A

ss
oc

ia
te

d 
w

ith
 sy

nc
op

e,
 a

ng
in

a,
 d

ys
pn

ea
, a

nd
 

su
dd

en
 d

ea
th

C
au

tio
n 

w
ith

 v
ol

at
ile

 a
ne

st
he

tic
s a

nd
 p

ro
po

fo
l 

w
hi

ch
 d

ec
re

as
e 

SV
R

M
ai

nt
ai

n 
no

rm
al

 to
 h

ig
h 

pr
el

oa
d 

an
d 

m
ai

nt
ai

n 
af

te
rlo

ad
LV

O
TO

 w
or

se
ne

d 
by

 d
ec

re
as

ed
 p

re
lo

ad
 a

nd
 

af
te

rlo
ad

, i
nc

re
as

ed
 c

on
tra

ct
ili

ty
TE

E 
to

 e
xa

m
in

e 
LV

O
TO

, g
ra

di
en

t, 
an

d 
re

si
du

al
 

V
SD

 a
fte

r m
ye

ct
om

y
A

vo
id

 in
cr

ea
se

s i
n 

co
nt

ra
ct

ili
ty

 a
nd

 ta
ch

yc
ar

di
a

H
yp

er
dy

na
m

ic
 sy

sto
lic

 fu
nc

tio
n 

an
d 

ab
no

rm
al

 
di

as
to

lic
 fu

nc
tio

n
Ex

te
rn

al
 p

ac
in

g/
ca

rd
io

ve
rs

io
n/

de
fib

ril
la

to
r p

ad
s 

pr
io

r t
o 

in
du

ct
io

n
Le

ad
in

g 
ca

us
e 

of
 d

ea
th

 in
 y

ou
ng

 a
th

le
te

s

N
on

-e
xh

au
sti

ve
 li

st 
of

 a
du

lt 
co

ng
en

ita
l h

ea
rt 

de
fe

ct
s

AS
D

 a
tri

al
 se

pt
al

 d
ef

ec
t, 

VS
D

 v
en

tri
cu

la
r s

ep
ta

l d
ef

ec
t, 

PD
A 

pa
te

nt
 d

uc
tu

s a
rte

rio
su

s, 
Fi

O
2 f

ra
ct

io
n 

of
 in

sp
ire

d 
ox

yg
en

, P
H

 p
ul

m
on

ar
y 

hy
pe

rte
ns

io
n,

 R
V 

rig
ht

 v
en

tri
cl

e,
 O

R 
op

er
at

in
g 

ro
om

, I
C

U
 

in
te

ns
iv

e 
ca

re
 u

ni
t, 

PV
R 

pu
lm

on
ar

y 
va

sc
ul

ar
 re

si
st

an
ce

, H
R 

he
ar

t r
at

e,
 C

O
 c

ar
di

ac
 o

ut
pu

t, 
SV

R 
sy

ste
m

ic
 v

as
cu

la
r r

es
ist

an
ce

, T
EE

 tr
an

se
so

ph
ag

ea
l e

ch
oc

ar
di

og
ra

ph
y,

 E
KG

 e
le

ct
ro

ca
rd

io
gr

am
, 

C
PP

 c
or

on
ar

y 
pe

rf
us

io
n 

pr
es

su
re

, P
V 

pu
lm

on
ar

y 
va

lv
e,

 A
P 

ao
rto

pu
lm

on
ar

y,
 R

VO
TO

 r
ig

ht
 v

en
tri

cu
la

r 
ou

tfl
ow

 t
ra

ct
 o

bs
tru

ct
io

n,
 P

EE
P 

po
si

tiv
e 

en
d-

ex
pi

ra
to

ry
 p

re
ss

ur
e,

 N
SR

 n
or

m
al

 s
in

us
 

rh
yt

hm
, c

cT
G

A​ 
co

ng
en

ita
lly

 c
or

re
ct

ed
 tr

an
sp

os
iti

on
 o

f t
he

 g
re

at
 a

rte
rie

s, 
PP

M
 p

er
m

an
en

t p
ac

em
ak

er
, I

C
D

 im
pl

an
ta

bl
e 

ca
rd

io
ve

rte
r-d

efi
br

ill
at

or
, N

PO
 n

il 
pe

r o
ra

l, 
BP

 b
lo

od
 p

re
ss

ur
e,

 P
IP

 p
ea

k 
in

sp
ira

to
ry

 p
re

ss
ur

e,
 R

R 
re

sp
ira

to
ry

 ra
te

, H
O

C
M

 h
yp

er
tro

ph
ic

 o
bs

tru
ct

iv
e 

ca
rd

io
m

yo
pa

th
y,

 L
VO

TO
 le

ft 
ve

nt
ric

ul
ar

 o
ut

flo
w

 tr
ac

t o
bs

tru
ct

io
n



Current Cardiology Reports	

1 3

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 [61•]. 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 [9••, 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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