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Perioperative management of patients with genetic 
multisystem diseases associated with pre‑excitation 
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REVIEW ARTICLES

The cardiac electrical stimuli are generated in 
the sino-atrial node, reach the atrio-ventricular (AV) 
node and the His bundle/Purkinje fibers, and finally 
spread to the left and right ventricular myocardium. 
In the AV node, the action potential relies on a slow 
calcium current, which delays the conduction of 
incoming electrical impulses, thus preventing the 
development of ventricular tachycardias. However, 
abnormal fibro-muscular anatomic tracts – with ac-
tion potentials depending upon rapid sodium cur-
rents – may connect the atria with the ventricles. 
Through these alternative pathways, the cardiac 
impulses can bypass the AV node and travel very 
fast towards the ventricular myocardium, causing 
its activation (depolarization) earlier than if the im-
pulses travelled through the normal conduction sys-
tem. The extra electrical conduction tracts are called 
“accessory pathways” and the electrophysiological 
phenomenon of the earlier than normal ventricular 
excitation is named “pre-excitation” [1]. This mecha-
nism may precipitate serious, even lethal arrhyth-
mias, such as ventricular tachycardia and ventricular 
fibrillation [2-4]. 
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An accessory pathway (AP) may be located 
anywhere along the AV ring, while up to 10% 
of patients may have more than one accessory 
bundle [1]. An AP may be capable of conducting 
impulses anterogradely (towards the ventricle) or 
retrogradely (from ventricles to atria) or in both 
directions [1]. Based on electrocardiographic (ECG) 
findings, anterograde conduction may be overt or 
latent; in patients with overt conduction, the ven-
tricular pre-excitation is manifested on surface ECG 
as an upstroke at the beginning of QRS, known as 
a “delta wave”. The delta wave indicates that the 
part of the ventricle which is directly connected to 
the AP is depolarized first. In patients with latent AP 
conduction, the delta wave may be absent on the 
resting surface ECG or may present intermittently. 
However, pre-excitation may become apparent in 
specific conditions (i.e. an episode of atrial fibril-
lation or flutter or atrio-ventricular node block).  
The prevalence of arrhythmia and the risk of malig-
nancy in overt and latent pre-excitation are similar. 
In APs with retrograde conduction, pre-excitation 
is concealed during sinus rhythm (absence of ECG 
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Abstract
Pre-excitation is associated with life-threatening arrhythmias. Apart from the well-known Wolff-
Parkinson-White syndrome, a number of rare diseases are associated with pre-excitation due to the 
existence of accessory pathways. The present review aims to focus on anaesthesia and periopera-
tive care of patients with rare genetic diseases associated with pre-excitation due to the existence 
of a bundle of Kent or other accessory pathways. The Danon disease, Fabry disease and Pompe 
disease, tuberous sclerosis, Leber hereditary optic neuropathy (LHON), and mitochondrial encepha-
lopathy, lactic acidosis and stroke-like episodes (MELAS) syndrome are genetic multisystem disor-
ders which may involve pre-excitation, usually combined with cardiomyopathy. The anaesthetic 
management of the above syndromes may become quite challenging. We conducted a PubMed 
and manual literature search for all types of relevant publications; we identified 58 articles suit-
able to be included in the present review. According to the literature, a high index of suspicion 
for the possibility of pre-excitation is required, and anaesthetic drugs and adjuvants should be 
chosen carefully, in order to prevent or at least not facilitate arrhythmias associated with accessory 
pathways. The perioperative management should be further tailored to the specific abnormalities 
of each condition. Multidisciplinary consultation and care, according to the affected organs, are 
mandatory for a safe outcome. The anaesthetic plan should be focused on preoperative clinical 
optimization and on case-specific management, tailored to the various systems involved. 

Key words: perioperative management, anaesthesia, arrhythmias, pre-excitation, 
multisystem diseases, Danon disease, Fabry disease, Pompe disease, tuberous 
sclerosis, MELAS syndrome. 
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signs) but may be revealed during atrio-ventricular 
re-entrant tachycardia (AVRT) [1, 3, 5].

The AVRTs, orthodromic or antidromic, are the 
commonest arrhythmias that may develop in pa-
tients with APs [3, 5, 6]. Atrial or ventricular pre-
mature beats may trigger an AVRT, which usually 
presents on the ECG as a regular, narrow- or wide-
complex tachycardia, with very high ventricular 
rates (i.e. 150-250 bpm). The orthodromic AVRTs are 
characterized by narrow QRS complexes, because 
the impulses travel to the ventricle through the AV 
node and return via the AP, while the antidromic 
AVRTs have wide QRS complexes, because the im-
pulses travel down through the AP and return via 
the AV node [5, 6]. If atrial fibrillation or flutter devel-
ops, the conduction of stimuli towards the ventricle 
may occur via the AP, which usually has a shorter 
refractory period than the AV node; in this case, very 
fast anterograde conduction of atrial impulses may 
cause extremely high ventricular rates, even ven-
tricular fibrillation [3, 5, 6]. 

The most well known AP is named the “bundle 
of Kent”, and is found in the Wolff-Parkinson-White 
(WPW) syndrome [5, 6]. Other, less common APs have 
also been identified, and rarer pre-excitation condi-
tions have been described, such as the Mahaim fibers 
and the Lown-Ganong-Levine syndrome. The Mahaim 
fibers are APs that may arise from the AV node or the 
His bundle or most likely from the right atrium and 
terminate in the right ventricular myocardium or 
close/into the right bundle branch (nodo-ventricular 
or fasciculo-ventricular or atrio-ventricular or atrio-
fascicular fibers) [3]. They are characterized by an-
terograde transmission only, and longer conduction 
times than the bundle of Kent [3]. In the Lown-Ga-
nong-Levine syndrome, possible mechanisms of pre-
excitation include the fast conduction of atrial stimuli 
through a defective AV node or their transmission 
via an AP (i.e. James fibers or Brechenmacher fibers) 
which bypass – completely or partly – a normal AV 
node [3]. 

Diagnosis of pre-excitation is based on the 
combination of ECG findings and development of 
symptoms, usually palpitations, or more rarely syn-
cope or even cardiac arrest [6]. The pre-excitation 
pattern on surface ECG is characterized by a short-
ened PQ (PR) interval (< 120 ms in adults), a pro-
longed QRS complex (> 120 ms) and a delta wave, 
with secondary ST-T changes directed opposite to 
the major delta wave and QRS vector [5-6]. This 
characteristic pattern, usually called the “WPW pat-
tern”, may not be present in all pre-excitation con-
ditions, depending on the type of the AP and its 
specific characteristics. For example, the ECG pat-
tern in the Lown-Ganong-Levine syndrome, which 
may represent a perinodal AP, is characterized by 

a short PQ (PR) interval and a normal QRS complex, 
without a delta wave [3]. 

Electrophysiology testing is the gold standard for 
certain diagnosis of pre-excitation and identification 
of the AP. The procedure can be combined with abla-
tion of the pathway, which represents the definite 
treatment in cases with recurrent episodes or life-
threatening arrhythmias [6]. Finally, congenital heart 
defects associated with pre-excitation abnormalities 
may co-exist in these patients and should be sought 
(i.e. Ebstein’s anomaly in WPW syndrome) [6]. 

The most widely known pre-excitation condi-
tion, almost synonymous with the term “pre-excita-
tion”, is the WPW syndrome. Nevertheless, there are 
a few familial forms of pre-excitation found in rare 
multisystem diseases [7], namely γ-2 regulatory sub-
unit of AMP-activated protein kinase gene (PRKAG2) 
mutation, Danon, Fabry and Pompe disease, tuber-
ous sclerosis, Leber hereditary optic neuropathy 
(LHON) and mitochondrial encephalopathy with 
lactic acidosis and stroke-like episodes syndrome 
(MELAS) [7]. Patients with the above syndromes and 
diseases may present at some time in their lives for 
elective or emergency surgery. The perioperative 
management of such cases may be quite complex 
and difficult due to the several co-existing abnor-
malities. Especially in case of emergency, the chal-
lenge is greater due to the lack of time for extensive 
investigation and adequate preparation of the pa-
tients. Moreover, anaesthesia may unmask an undi-
agnosed pre-excitation abnormality and facilitate 
the development of life-threatening arrhythmias. 
The present review aims to focus on the anaesthetic 
management and perioperative care of patients with 
rare genetic diseases associated with pre-excitation, 
due to the existence of a bundle of Kent or other APs. 

We conducted a PubMed literature search for all 
types of publications – up to January 2018 – com-
bining the terms: “preexcitation”, “pre-excitation”, 
“PRKAG2”, “Danon disease”, “Fabry disease”, “Pompe 
disease”, “tuberous sclerosis”, “Leber hereditary optic 
neuropathy”, “LHON”, “mitochondrial encephalopathy”, 
“mitochondrial encephalopathy, lactic acidosis and 
stroke-like episodes syndrome”, “MELAS syndrome” 
and “anaesthesia” or “perioperative management ” or 
“perioperative care”. Articles in languages other than 
English were used only if they had an informative  
English abstract. We found 56 articles suitable for in-
clusion in this review. Additionally, two published pa-
pers were found by manual searching of the referenc-
es in the electronically retrieved articles. The articles 
we identified were mostly case series and reports, and 
a few retrospective studies. We also used articles that 
provided information on genetics, clinical presenta-
tion, diagnosis and treatment of the diseases. In total 
82 articles were included in the present review.
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METABOLIC DISORDERS ASSOCIATED  
WITH PRE-EXCITATION

There are a number of genetic metabolic dis-
eases associated with pre-excitation, combined with 
structural cardiac and other organ abnormalities  
[7, 8]. The most well known are the Danon, Fabry 
and Pompe disease, which are lysosomal storage 
disorders due to enzymatic deficiency. They are 
characterized by accumulation and deposition of 
substrates in various organs, including the cardio-
vascular system. PRKAG2 deficiency is a more heart-
specific, non-lysosomal metabolic disease, involving 
glycogen accumulation [7, 8]. 

The above disorders share similar cardiac mani-
festations, namely hypertrophic cardiomyopathy, 
short PQ (PR) interval and AV blocks [7, 8]. An elec-
trophysiological study is required to confirm the 
presence of an AP, since pseudo-pre-excitation has 
been described in patients with Fabry disease and 
PRKAG2 mutation [7, 9, 10]. In these cases, fast AV 
node transmission, combined with His-Purkinje con-
duction abnormalities, may result in short PQ (PR) 
intervals, giving the false impression of existence 
of an accessory pathway [7, 9, 10]. Compared to 
the classic WPW syndrome, the prognosis is much 
poorer, since these diseases include major struc-
tural and functional cardiac abnormalities [7]. Not 
rarely, the gradual deterioration of myocardial func-
tion finally necessitates heart transplantation [11]. 
Also, the perioperative management of these rare 
syndromes is probably more challenging, since it 
should be tailored to the various systems involved. 
Publications on the perioperative management of 
patients with rare metabolic disorders associated 
with pre-excitation are presented in Table 1.

Danon disease
Danon disease is typically characterized by car-

diomyopathy, proximal skeletal myopathy and cog-
nitive dysfunction [12, 13]. Pre-excitation, other car-
diac conduction abnormalities, hepatic, pulmonary 
and ophthalmic pathology may also co-exist [12, 13].

An X-linked dominant pattern of inheritance 
and mutations in the gene encoding the lysosome-
associated membrane protein 2 (LAMP2) have been 
identified [14]. Deficiency of the LAMP-2B isoform 
causes lysosomal dysfunction with accumulation 
of autophagic material in the cardiac and skeletal 
muscles [13, 14]. Hypertrophic cardiomyopathy – 
obstructive or not – is a prominent feature of Danon 
disease; it usually progresses to dilated cardiomy-
opathy and congestive heart failure [7, 13, 15]. Men 
are mostly affected and usually live only until early 
adulthood [12, 13, 16].

The co-existing electrophysiological abnormali-
ties, especially ventricular pre-excitation, differenti-

ate the disease from other forms of hypertrophic 
cardiomyopathy [17]. The mechanism of pre-exci-
tation may be inherent, due to the abnormal au-
tophagy per se, or mechanical, due to myocardial 
hypertrophy [13]. While conduction abnormalities 
are encountered in both genders (> 80%), an elec-
trocardiographic WPW pattern is mostly found in 
men (70% of males versus 27% of females) [13]. 
Thus, the combination of hypertrophic cardiomy-
opathy, WPW pattern and male gender raises strong 
suspicion for Danon disease and should be investi-
gated by genetic testing.

Atrial and ventricular arrhythmias develop in 
about 50% of patients and implantable cardiovert-
er defibrillators are used for their treatment [13].  
Nevertheless, DC shocks are not always effective 
[16], and lethal dysrhythmias occur in about 30% of 
high risk patients [13]. Also, over 1/3 of patients un-
dergo ablation for pre-excitation; notably, multiple 
attempts may be required due to the development 
of diffuse fibrosis [13].

The literature on anaesthesia for patients with 
Danon disease is poor. In a child who received gen-
eral anaesthesia for dental procedures, the manage-
ment mainly focused on the existing hypertrophic 
cardiomyopathy with outflow obstruction [15]. In-
halational anaesthesia with N2O and sevoflurane 
was safe and no arrhythmias or other cardiovascular 
complications occurred [15].

Fabry disease
Fabry or Anderson-Fabry disease is another lyso-

somal storage abnormality with an X-linked reces-
sive inheritance. It is characterized by deficiency of 
α-galactosidase Α and accumulation of the glyco
lipid globotriaosylceramide (Gb3) in various organs [8]. 
The heart is always affected, while cutaneous, renal, 
respiratory and nervous system involvement is also 
quite common [8]. Enzyme replacement therapy 
seems to reduce the Gb3 deposits [8]. 

Cardiac involvement includes lesions in the myo-
cardium, in the valves and conduction pathways; left 
ventricular hypertrophy and valvular regurgitation 
are common echocardiography findings, while su-
praventricular tachycardias, atrial fibrillation or flut-
ter, bundle branch blocks, AV conduction delay and 
nodal dysfunction may also be encountered [7, 8, 
10]. Ventricular tachycardias – occasionally resistant 
or even fatal – occur in more than 8% of patients [10]. 

The ECG findings include a short PQ (PR) inter-
val which is not followed by the classic delta wave 
of the WPW syndrome, features of left ventricular 
hypertrophy, pathological Q waves and ST interval 
changes [8, 10, 18, 19]. Accessory pathways con-
necting the atria and His bundle or ventricular tis-
sue have been suggested as possible causes of pre-
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excitation and AVRTs [20], while Gb3 deposits on  
AV junction can also cause accelerated AV nodal and 
subsequently AV conduction [9, 10]. 

Commonly used general anaesthetics, such as 
propofol, thiopental, isoflurane, sevoflurane and 
desflurane, combined with fentanyl or remifentanil, 
have been described as safe [18, 21, 22]. Intraopera-
tive lidocaine IV infusion has also been used without 
problems [21]. Enzyme replacement therapy should 
be continued perioperatively, as no interaction with 
anaesthetics has been reported [21]. There are no 
data about regional anaesthesia in patients with 
Fabry disease. 

Pompe disease 
Pompe disease is a glycogen storage disorder 

characterized by musculature damage due to acid 
α-glucosidase deficiency [8]. Ιt follows an autosomal 
recessive pattern of inheritance, and may present at 
any time of life, mainly as skeletal muscle weakness 
and hypotonia [8]. Glycogen deposition on cardiac 
muscle, nodes and conduction pathways causes left 
ventricular hypertrophy – with or without outflow ob-
struction – and serious arrhythmias [8, 23–25]. Specifi-
cally, the infantile Pompe disease has been strongly 
associated with pre-excitation [23]. Enzyme replace-
ment therapy has a positive effect on cardiac hyper-
trophy, but seems less beneficial for arrhythmias [8]. 

Characteristic ECG findings include a short  
PQ (PR) interval and high QRS voltages due to the 
hypertrophic cardiomyopathy [8, 24]. Also, ST-seg-
ment depression and T-wave inversion may be seen 
[24, 26]. Echocardiography can reveal possible dy-
namic obstruction and assess the ventricular cavity 
volume; left ventricular mass index values higher 
than 350 g m-2 seem to correlate with the develop-
ment of lethal arrhythmias [25-27]. 

There is no evidenced relation between a spe-
cific anaesthetic drug and cardiovascular complica-
tions [25]. Nevertheless, haemodynamic instability, 
especially after anaesthesia induction, has been re-
ported in patients with Pompe disease, who seem 
to be extremely sensitive to the negative inotropic 
and vasodilating actions of general anaesthetics 
[24–27]. The use of dexmedetomidine (1 μg kg-1 
in 10 min, followed by 0.5 μg kg-1 h-1 infusion) has  
been recently described as useful and haemody-
namically stable [28]; it should be noted, though, 
that this particular patient had no signs suggesting 
serious cardiac involvement, according to preopera-
tive ECG and echocardiography. Among neuromus-
cular blockers, succinylcholine should probably be 
avoided due to the risk of hyperkalaemia from the 
damaged muscular tissue [29, 30]. 

Most patients with Pompe disease requiring  
anaesthesia are infants undergoing muscle biopsy 

or placement of central venous catheters [24–26,  
30–33]. Wang et al. described the anaesthetic man-
agement and complications in 9 patients with in-
fantile Pompe disease: seven patients developed 
ventricular tachycardia, ventricular fibrillation or 
torsades de pointes, and three of them died [25]. 
Notably, all arrhythmias occurred under propofol 
or sevoflurane anaesthesia [25]. Based on complica-
tions they encountered, other authors also suggest 
that propofol should be used with caution or avoid-
ed [31, 34], while ketamine exhibits a more favorable 
profile [25, 30, 31, 34].

Regional anaesthetic techniques have been ad-
vocated [27, 32], especially in parturients undergo-
ing caesarean delivery [35, 36]. Successful labour 
epidural analgesia [37], peripheral nerve blocks for 
muscle biopsies [34, 38], and patient-controlled 
epidural analgesia [27] have also been reported. 
Caution is needed, especially with spinal local an-
aesthetics and subsequent intense sympathetic 
block; a phenylephrine infusion for maintenance 
of systemic vascular resistance, and consequently 
blood pressure, seems useful [36]. 

OTHER RARE SYNDROMES ASSOCIATED  
WITH PRE-EXCITATION
Tuberous sclerosis

Tuberous sclerosis complex (TSC) is a multi-
system genetic disorder characterized by benign 
growths, mainly in the skin, heart, brain, kidneys 
and lungs [39-41]. It has an autosomal dominant in-
heritance, with mutations in TSC1 and TSC2 genes, 
which are responsible for the proteins hamartin and 
tuberin [41]. The characteristic triad of facial angio-
fibromas, mental retardation and seizures is found 
in 30% of patients [39, 40]. Cardiac rhabdomyomas 
are found in about 80% of patients, causing blood 
flow obstruction, cardiac failure or life-threatening 
arrhythmias, such as blocks, supraventricular tachy-
cardias, ventricular tachycardia or ventricular fibril-
lation [40]. Pre-excitation is encountered in about 
10% of patients, especially in those with cardiac 
tumors [40].

Surgical procedures may be performed for tu-
mor excision due to the disease per se or for un-
related reasons. Rhabdomyomas, causing severe 
arrhythmias or heart failure, may require cardiac 
surgery [39, 40]. Sedation [42, 43], general anaes-
thesia [39, 40, 44–50] and regional anaesthesia [40, 
44, 51, 52] have all been used in patients with TSC. 
Shenkman et al. studied retrospectively 24 paediat-
ric patients who received 52 general anaesthetics, 
while epidural anaesthesia was performed in two 
cases [40]. Both inhalational and intravenous agents 
were used for induction of general anaesthesia.  
The authors suggest that an anticholinergic agent, 
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such as glycopyrrolate, should be readily available, 
since pre-existing conduction defects (i.e. sinus 
node dysfunction) render these patients prone to 
bradyarrhythmias [40]. This should be taken into 
account when drugs reducing the sympathetic 
outflow, such as central alpha-2 agonists (i.e. cloni-
dine, dexmedetomidine), are used [42]. Publications  
on the perioperative management, complications 
and outcome of patients with TSC are presented in 
Table 2.

MELAS and LHON syndrome 
The MELAS and LHON syndromes are rare genet-

ic diseases with mutations in the mitochondrial DNA 
[7, 53]. The LHON syndrome is characterized by bilat-
eral loss of central vision, while the MELAS syndrome 
involves mainly the musculoskeletal system and 
brain, manifested as muscle weakness, seizures and 
progressive dementia [7, 53]. Cardiovascular abnor-
malities may exist in both diseases, namely cardio-
myopathy, conduction abnormalities (i.e. AV blocks) 
and pre-excitation [7, 53–56]. Specifically, about  
13% of MELAS patients have pre-excitation ECG ab-
normalities of the WPW type; in some cases, abla-
tion of the accessory pathway is required, because 
pre-excitation is symptomatic, causing recurrent 
episodes of supraventricular tachycardia [53–55, 57].

While information about the anaesthetic man-
agement of patients with LHON syndrome is lack-
ing, there are several case reports describing the 
anaesthetic implications for MELAS syndrome. Un-
fortunately, most of them focus on the musculoskel-
etal abnormalities. Regarding their cardiovascular 
responses, patients with MELAS syndrome generally 
exhibit good tolerance to common anaesthetics, 
neuromuscular blockers and their standard rever-
sals (i.e. anticholinergic/neostigmine) [54, 58–60]. 
Due to possible susceptibility to malignant hyper-
thermia, caution is needed with potentially trigger-
ing agents, such as succinylcholine and volatiles 
[54, 61–63], although no complications have been 
reported in published cases where these agents 
were used [54, 64, 65]. Drug interactions, especially 
between anticonvulsants and general anaesthetics/
adjuvants, should also be taken into account [66]. 
Monitoring of the anaesthetic depth and neuromus-
cular transmission should be considered, since the 
patients may exhibit excessive sensitivity to seda-
tives and hypnotics [58, 67], and also an unpredict-
able response to NMBs [67]. The latter ones should 
better be omitted, if possible [55, 62]. 

Gurrieri et al. described 20 anaesthetics for 9 pa-
tients with MELAS syndrome; three of the patients 
had significant cardiac pathology, such as AV blocks, 
cardiomyopathy, WPW, and valvulopathy [54]. Pro-
pofol, etomidate and thiopental were given for in-

duction, while desflurane, isoflurane or halothane 
were used in the majority of cases for maintenance 
of anaesthesia, without complications [54]. Total in-
travenous anaesthesia with propofol – with or with-
out remifentanil – seems advantageous in terms of 
minimizing the risk of MH [61], and is preferred by 
many authors [58–61, 67–70]. Notably, although 
propofol infusion has been used uneventfully for 
a few hours [54, 58–60, 71], caution is needed in case 
of prolonged administration – i.e. for sedation in in-
tensive care units – because it may further decrease 
the mitochondrial ATP production and cause severe 
acidosis [72]. Actually, mitochondrial dysfunction is 
considered to be involved in the pathophysiology of 
propofol infusion syndrome, and the death of a pa-
tient with LHON, who developed the syndrome after 
five days of propofol infusion, has been reported [73].

Regional anaesthesia may be preferred in or-
der to avoid the risk of malignant hyperthermia or 
drug interactions [64, 66, 74]. Spinal anaesthesia 
has been used without complications [64, 66, 74, 
75], but caution is needed to definitely exclude any 
pre-existing neurological problems [75]. Light seda-
tion may be added to reduce patients’ anxiety [66]. 
Surgical, postoperative and labour epidural anaes-
thesia/analgesia have also been used uneventfully 
[57, 58, 60, 66, 70, 72], and may effectively reduce 
the metabolic demands associated with pain and 
perioperative stress [72]. 

Hyponatraemia and hyperkalaemia are often 
encountered in these patients, and may increase 
the risk of arrhythmias [54, 65]. In this regard, suc-
cinylcholine should be avoided due to possible in-
duction of hyperkalaemia [60]. Echocardiography 
should be performed, especially in patients with 
severe muscle weakness possibly masking their 
limited cardiovascular reserves [65]. 

Regarding the relation between other mitochon-
drial diseases and pre-excitation, little is known. 
Driessen et al. analyzed retrospectively the records 
of 122 children diagnosed with mitochondrial de-
fects; cardiomyopathy or conduction defects were 
found in 10 patients (8.2%) [76]. Relative anaesthetic 
data are lacking [77–80]. Publications on the peri-
operative management of patients with rare mito-
chondrial diseases associated with pre-excitation are 
presented in Table 3.

GENERAL PRINCIPLES OF THE PERIOPERATIVE CARE 
IN PATIENTS WITH RARE MULTISYSTEM SYNDROMES 
ASSOCIATED WITH PRE-EXCITATION

Multidisciplinary perioperative care should be 
provided to patients with the abovementioned 
multisystem syndromes, according to the affected 
organs [37]. Pre‑anaesthetic assessment should fo-
cus on end-organ damage, starting with a detailed 
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history about the age of presentation, sympto
matology, course and treatment of the disease [21]. 
The patients should undergo careful and extensive 
cardiological evaluation, regarding history of ar-
rhythmias or syncopal episodes, symptoms of heart 
failure, detailed physical examination with vital 
signs and auscultation, and an X-ray for revealing 
possible cardiomegaly [40]. An ECG is mandatory, 
since it may show features of cardiac hypertrophy, 
arrhythmias, conduction abnormalities and patterns 
of pre-excitation [40, 60, 65, 68, 70]. A 24h-Holter 
may also be considered, according to cardiologic 
consultation [13]. Echocardiography is indicated in 
the majority of cases to exclude cardiomyopathy, to 
assess the cardiac function accurately [22, 60, 65, 
68], and guide cardiovascular monitoring, anaes-
thesia and perioperative management. Non-inva-
sive cardiac stress testing may also be required in 
selected cases [22]. In the case of cardiomyopathy, 
it should be kept in mind that the cardiac function 
may significantly deteriorate over a short period of 
time (i.e. over 3-6 months in Danon disease) [13, 
15]. Regarding the preparation and optimization 
of patients who are scheduled for elective surgery, 
specialized consultation – including cardiological 
– and improvement of the function of all affected 
systems are mandatory, by the use of drugs or in-
vasive methods, if required. Arrhythmias should be 
adequately suppressed and cardiac function should 
be optimized. Antiarrhythmics should be continued 
perioperatively, while implantable cardioverter defi-
brillators should be temporarily inactivated for the 
operation in order to avoid the risks of electromag-
netic and electrocautery interference. Nevertheless, 
a back-up source for external defibrillation should 
be available. In the presence of conduction abnor-
malities, an external pacemaker should also be pre-
pared before anaesthesia induction. Intravenous 
antiarrhythmic agents should be available for treat-
ment of arrhythmias in haemodynamically stable 
patients [70], while a defibrillator should also be 
ready for use in case of hemodynamic compromise.

Intraoperative cardiovascular monitoring should 
include a five-lead ECG and invasive arterial pres-
sure measurement, while cardiac output monitor-
ing is also indicated in cases with significant car-
diac function impairment. Arrhythmias associated 
with pre-excitation should be managed according 
to their type and hemodynamic consequences. 
In the algorithm of arrhythmia management, em-
phasis should be given to the first step, which is 
the prompt assessment of patient’s hemodynamic 
status [81, 82]. In case of hemodynamic instabil-
ity, the patient should undergo urgent electrical 
synchronized cardioversion [82]. Synchronized 
cardioversion is also indicated for supraventricular 
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tachycardia and atrial fibrillation resistant to drugs 
[82]. Immediate defibrillation, combined with car-
diopulmonary resuscitation and drugs (adrenaline, 
amiodarone), is indicated in ventricular fibrillation 
or pulseless ventricular tachycardia, according to 
the Advanced Life Support algorithm [82].

Patients who are haemodynamically stable can 
be evaluated and treated according to the type of 
arrhythmia with appropriate maneuvers and/or 
drugs. Regular supraventricular (narrow-complex) 
tachycardia should be terminated by the use of va-
gal maneuvers, and IV adenosine [81]. Beta block-
ers (esmolol and propranolol) can also be helpful. 
Irregular wide complex tachycardia may indicate 
pre-excited atrial fibrillation; amiodarone can be 
given, while digoxin, verapamil, adenosine and dil-
tiazem should be avoided, because they facilitate 
the conduction via the AP and may increase the risk 
of ventricular fibrillation [82]. 

Preload, afterload, inotropy and anaesthetics 
should be titrated according to the cardiac dis-
ease [15]. Adequate hydration to ensure optimal 
ventricular filling and maintenance of peripheral 
vascular resistance are mandatory for avoiding hy-
potension and coronary hypoperfusion in patients 
with hypertrophic cardiomyopathy [25, 28, 34]. Ar-
rhythmogenic or triggering factors such as stress, 
fever, pain, intravascular volume depletion/haemor
rhage, light anaesthesia and hypercarbia should be 
avoided [24, 27, 31]. Electrolyte and acid-base moni-
toring, with prompt correction of any abnormality, 
is also required to reduce the risk of arrhythmias 
[54, 65]. Careful selection of agents – regarding 
their chronotropic, dromotropic and inotropic ac-
tion – and titration of doses is required, especially 
during anaesthesia induction [24–26]. Also, smooth 
recovery from anaesthesia, adequate postoperative 
analgesia, prevention of nausea/vomiting that may 
cause stress and tachycardia, should be taken care 
of. Finally, close postoperative follow-up and car-
diovascular monitoring in a high dependency unit 
are usually required for early diagnosis and prompt 
treatment of arrhythmias and other cardiovascular 
complications [26, 27, 35, 36, 40, 65, 68]. 

LIMITATIONS
In the present review, we used information from 

a few retrospective studies, and mainly from case 
series and reports. For some conditions the data 
were limited, since only a small number of case re-
ports were identified. Nevertheless, we believe that 
the present review may help to achieve a better un-
derstanding of rare genetic multisystem diseases 
associated with pre-excitation and provide some 
useful information on their perioperative manage-
ment.
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CONCLUSIONS
The anaesthetic management of patients with 

rare genetic multisystem diseases associated with 
pre-excitation may be quite challenging, especially 
in case of emergencies, when there is not adequate 
time for thorough investigation and clinical opti-
mization. In these patients pre-excitation usually 
co-exists with structural cardiac abnormalities, thus 
increasing the risk of serious perioperative arrhyth-
mias and other life-threatening cardiovascular com-
plications. A multidisciplinary approach and periop-
erative care are required, according to the affected 
organs. Also, close observation, invasive cardiovas-
cular monitoring and a high level of alertness are 
mandatory for prevention and prompt treatment of 
arrhythmias.
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