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This topic will discuss anesthetic management during noncardiac surgery for patients with a preoperative diagnosis of HCM. The management strategies presented are also applicable to patients with previously undiagnosed HCM who develop
perioperative hemodynamic instability and are found to have dynamic LVOT obstruction based on rescue (TEE) (6,7). (See "Intraoperative rescue transesophageal echocardiography (TEE)', section on
btruction')

Left ventricular outflow t

Medical and surgical management strategies for patients with HCM are reviewed in separate topics:

POSTOPERATIVE ANESTHETIC MANAGEMENT @ (See "Hypertrophic cardiomyopathy: Management of patients without outflow tract obstruction’.)

SOCIETY GUIDELINE LINKS ® (see "Hypertrophic ca

pathy

SUMMARY AND RECOMMENDATIONS

@ (See "Hypertrophic cardiomyopathy
REFERENCES

PREANESTHETIC CONSULTATION

GRAPHICS

The preanesthetic consultation for patients with HCM is focused on decreasing risks for dynamic left ventricular outflow tract (LVOT) obstruction, minimizing microvascular ischemia, avoiding arrhythmias, and managing chronically administered
medications [8-12]

Itis prudent to obtain a cardiology consultation prior to elective surgery particularly for patients who are symptomatic (ie, New York Heart Association [NYHA] functional class I or greater) on medical therapy, and those with previously documented
LVOT gradients 250 mmHg, to characterize the magnitude of current rest and latent LVOT gradients as well as the severity of mitral regurgitation (MR). In such cases additional testing or treatment may be necessary to minimize perioperative risk

@ESC

European Heart Journal (2023) 44, 3503-3626

European Society https:/doi.org/10.1093/eurheartj/ehad194

of Cardiology

ESC GUIDELINES

2023 ESC Guidelines for the management
of cardiomyopathies

ca

D Eur Heart J. 2023; 44(37): 3503 — 3626

2024 AHA/ACC/AMSSM/HRS/PACES/SCMR xn
Guideline for the Management
of Hypertrophic Cardiomyopathy

A Report of the American Heart Association/American College of Cardiology
Joint Committee on Clinical Practice Guidelines

e J Am Coll Cardiol. 2024; 83(23): 2324 — 2405
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Cardiomyopathies

HCM

DCM

ARVC RCM

Unclassified

.

_/

Familial/Genetic

Non-familial/Non-genetic

Unidentified

Disease sub-type*

Idiopathic

Disease sub-type

*

gene defect

HCM is not a diagnosis!

Familial Familial, unknown gene
Sarcomeric protein mutations

B myosin heavy chain
Cardiac myosin binding protein C
Cardiac troponin |
Troponin-T
a-tropomyosin
Essential myosin light chain
Regulatory myosin light chain
Cardiac actin
a-myosin heavy chain
Titin
Troponin C
Muscle LIM protein

Glycogen storage disease (e.g. Pompe; PRKAG2,

Forbes’, Danon)
Lysosomal storage diseases (e.g.
Anderson—Fabry, Hurler’s)
Disorders of fatty acid metabolism
Carnitine deficiency

Phosphorylase B kinase deficiency
Mitochondrial cytopathies
Syndromic HCM
Noonan's syndrome
LEOPARD syndrome
Friedreich’s ataxia
Beckwith—Wiedermann syndrome
Swyer’s syndrome
Other
Phospholamban promoter
Familial amyloid

Obesity

Infants of diabetic mothers
Athletic training

Amyloid (AL/prealbumin)

Non-familial

Familial, unknown gene
Sarcomeric protein mutations (see
HCM)
Z-band
Muscle LIM protein
TCAP
Cytoskeletal genes
Dystrophin
Desmin
Metavinculin
Sarcoglycan complex
CRYAB
Epicardin
Nuclear membrane
Lamin A/C
Emerin
Mildly dilated CM
Intercalated disc protein mutations
(see ARVC)
Mitochondrial cytopathy

Myocarditis (infective/toxic/immune)

Kawasaki disease

Eosinophilic (Churg Strauss
syndrome)

Viral persistence

Drugs

Pregnancy

Endocrine

Nutritional — thiamine,
carnitine, selenium,
hypophosphataemia,
hypocalcaemia

Alcohol

Tachycardiomyopathy

Familial, unknown gene

Intercalated disc protein
mutations
Plakoglobin
Desmoplakin
Plakophilin 2
Desmoglein 2
Desmocollin 2

Cardiac ryanodine receptor
(RyR2)

Transforming growth
factor-B3 (TGF3)

Inflammation?

RCM Unclassified

Left ventricular
non-compaction

Familial, unknown gene

Sarcomeric protein mutations
Troponin | (RCM +/— HCM) Barth syndrome
Essential light chain of myosin Lamin A/C

Familial amyloidosis ZASP
Transthyretin (RCM + neuropathy) a-dystrobrevin
Apolipoprotein (RCM + nephropathy)

Desminopathy

Pseuxanthoma elasticum

Haemochromatosis

Anderson—Fabry disease

Glycogen storage disease

Tako Tsubo
cardiomyopathy

Amyloid (AL/prealbumin)

Scleroderma

Endomyocardial fibrosis
Hypereosinophilic syndrome
Idiopathic
Chromosomal cause
Drugs (serotonin, methysergide,
ergotamine, mercurial agents, busulfan)

Carcinoid heart disease

Metastatic cancers

Radiation

Drugs (anthracyclines)

ARVC, arrhythmogenic right ventricular cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; RCM, restrictive cardiomyopathy

Elliott P, et al. Eur Heart J. 2008; 29(2): 270 — 276
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a Clinical scenario
Symptoms Incidental findings

L

Morphological/functional
characterization

Ventricular morphology/
function
Ventricular scar and
tissue characterization

disease

J

Phenotype

o General

management principles

Symptom management

* Drug therapy
+ Mechanical circulatory
support/tr i

Family screening and
genetic risk to relatives
* Genetic testing and counselling
- Family screening and monitoring

Prevention of disease-
related complications
] -sco —icD

« Stroke — thromboembolic
prophylaxis

Lifestyle

* Exercise recommendations

()

Arrhythmias/conduction

Genetic testing

©
0 Pedigree analysis

Family screening

Additional traits

Extracardiac

involvement
@ Laboratory markers
Pathology

o Phenotype-
specific management

+ LVOTO management
+ SCD risk prediction

- GDMT for HF symptoms
« Aetiology-specific SCD
risk prediction

’ * GDMT for HF symptoms
« Aetiology-specific SCD
risk prediction

* Antiarrhythmic therapy
* SCD risk prediction

* GDMT for HF symptoms
* Pregnan ymptor
o Schiol, thbyment, * PVR study to guide timing of
psychological support transplantation
)
@Esc

AEE 2GR HCM)
kB ALR(DCM)

e sk B A D= DAL R
(NDLVC)
BLEEREMEOEOIR
(ARVC)

PR &AL O AR (RCM)

Eur Heart J. 2023; 44(37): 3503 — 3626

)
Clinical
scenario

Q

Morphological/
functional
characterization

Ll

Phenotype

Additional traits

Symptoms
+ Dyspnoea

+ Chest pain
- Palpitation
« Syncope/presyncope

- Cardiac arrest

Incidental findings

Family screening

« I degree relative

9 X
with CMP
® ®®%® - Family history of
sudden death

+ Abnormal ECG
+ Murmur
+ Arrhythmia

l |
1

Suspected cardiomyopathy

Ventricular morphology/function

- Hypertrophy
- Dilatation
- Systolic/diastolic function

I

Ventricular scar/fatty replacement

« Non-ischaemic ventricular scar on
CMR/pathological examination

« Other tissue characterization
parameters on CMR

Arrhythmias/conduction disease
(atrial, ventricular, atrioventricular block)

Pedigree analysis

Laboratory markers

Genetic testing

Extracardiac involvement

Pathology

4

pe-based integrated aetiological diagnosis




Normal LV wall thickness

Asymmetrical septal hypertrophy

Sigmoid septum, which 1s more common in older adults
Midcavity hypertrophy associated with midcavity obstruction

Predominantly free wall hypertrophy, an unusual pattern in HCM

m m o o W op

LV wall thinning (associated with low LV ejection fraction) and

biatrial enlargement

Q

Predominantly apical LV hypertrophy
Severe concentric hypertrophy with cavity obliteration

L. Biventricular hypertrophy

J. Mild to moderate symmetric hypertrophy

HCM: hypertrophic cardiomyopathy; LV: left ventricular; ASH: asymmetrical septal hypertrophy.
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FRERLGAE (HCM) BIENX

m fEEBELOANRE ( Hypertrophic cardiomyopathy, HCM)

= Hypertrophic cardiomyopathy (HCM) 1s a primary disorder of the
myocardium. It 1s defined by the presence of unexplained left ventricular
hypertrophy (LVH), occurring in the absence of identifiable factors that
may account for increased left ventricular wall thickness, including

pressure overload and infiltrative or storage disorders.
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ajor Genes Associated with Hypertrophic Cardiomyopathy and Genocopies

Core Sarcomeric Genes Protein Encoded Z)t‘?igxablé Core Sarcomeric Genes Protein Encoded Z)ttHrig}:fable“
MYBPC3 Cardiac myosin-binding protein C  ~50% Genocopies
MYH7 Cardiac p myosin heavy chain 30%-35% Storage Diseases
TNNI3 Cardiac troponin | ~5% LAMPZ2 (Danon Lysosome-associated
TNNT2 Cardiac troponin T ~5% disease) MTIBENE (22 2
(X chromosome)
= 1 (0]
TPMT ¢ troPomyOS|n _ . R PRKAGZ2 (Glycogen Protein Kinase AMP-Activated
MyL2 Myosin regulatory light chain - <3% storage disease) Non-Catalytic Subunit
MYL3 Myosin essential light chain <3% Gamma 2
ACTCT amcadlae sl 1% GLA (Fabry disease) a-galactosidase (X chromosome)
Other HCM-Associated Genes Infiltrative Disease
CSRP3 Muscle LIM protein <1% TIR (familial Transthyretin
amyloidosis)
TNNCT Cardiac troponin C <1%
ACTN2 a-actinin <1% HCM, Hypertrophic cardiomyopathy
JPHZ2 Junctophilin-2 Rare
Noonan syndrome/RASopathies
PTPN11 (Noonan Protein tyrosine phosphatase
syndrome) non-receptor type 11

RAF1 Raf-1 Proto-Oncogene




. HCM RY 77 F 1= {5 HF1IE

I ]l
>  HUmtLE
n ZHEHCMEXHRTRIMAE M F1EA (dominant negative effect) 3¢ “EHMHAL” (poison
peptide) BN, EMREREEAIHIERMISAA TS, AMPLELER ARG F
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HCMEE P T B FERT R H R EEE 7%

SARC(U), 419, TPMA1, 23, 1%
1% TNNT2, 87, 5%
TNNI3, 80, 5%
MYL3, 6, 0%

MYL2, 22, 1% —— =

ACTC1, 8, 1%
—
SARC(-), 1799, ’
46%
MYH?7, 559, MYBPCS3, 950,
32% 55%

SARC(+), 1706,
43%

MYH7, l3kZE B EHE; MYBPC3, All3kEBSEEEHC;, MYL2/MYL3, AllEkE BV EFMIAT IR HE;
TNNI3, Al$5&E AL TNNT2, & HET; TPML, o- B EkER; ACTCI, EhEH
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° Myosin-binding °°

protein C a-tropomyosin (TPM1) . Troponin T (TNNT2)
(MYBPC3) Troponin | (TNNI3) Z-disc
Myosin rod Myosin head
B-myosin
Myosin regulatory (MYL2) heavy chain

and essential (MYL3) light chains

° a-actin (ACTC1)
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linical Features 1in Patients With HCM Phenocopies

Typical Presentation Age

Systemic Features

Possible Etiology

Diagnostic Approach

Infants (0-12 months) and
toddlers

Dysmorphic features, failure to

thrive, metabolic acidosis

e RASopathies
e Glycogen storage diseases, other
metabolic or mitochondrial diseases

e Infant of a mother with diabetes

e Geneticist assessment
e Newborn metabolic screening
e Specific metabolic assays

e Genetic testing

Early childhood

Delayed or abnormal cognitive
development, visual or hearing

impairment

e RASopathies

e Mitochondrial diseases

e Biochemical screening

e Genetic testing

Youth and adolescence

Skeletal muscle weakness or

movement disorder

e Friedreich’s ataxia
e Danon disease

e Mitochondrial disease

e Biochemical screening
e Neuromuscular assessment

e Genetic testing

Adulthood

Movement disorder, peripheral

neuropathy, renal dysfunction

e Anderson-Fabry disease

e Friedreich’s ataxia

e infiltrative disorders (eg, amyloidosis)
e Glycogen storage diseases

e Mitochondrial disease

e Biochemical screening
e Neuromuscular assessment

e Genetic testing
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orphologlc subtypes of hypertrophic cardiomyopathy

m A to D, Asymmetric septal hypertrophy 1s the most common
morphologic pattern and the most likely to be associated with a

pathogenic sarcomeric gene variant

m E, Concentric hypertrophy. (Other patterns are seen but less commonly

associated with sarcomeric gene variants.)

. F, Discrete upper septal thickening i1s a nonspecific pattern of

hypertrophy and may not represent HCM

m G and H, Apical hypertrophy is a well-described morphologic variant
that is also less likely to be due to sarcomeric gene variants

m [, Marked T wave inversion is commonly associated with apical HCM.
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Left ventricular =

outflow tract

Left atrium
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General

management principles

p

* Drug therapy
+ Mechanical circulatory
support/transplantation

p

* Genetic testing and counselling
+ Family screening and monitoring

[

-SCD —ICD
» Stroke — thromboembolic

prophylaxis

* Exercise recommendations

+ Pregnancy

* School, employment,
psychological support

SCD: sudden cardiac death

Phenotype-
specific management

* LVOTO management
- SCD risk prediction

+ GDMT for HF symptoms
+ Aetiology-specific SCD

risk prediction

* GDMT for HF symptoms
- Aetiology-specific SCD

risk prediction

* Antiarrhythmic therapy
* SCD risk prediction

* GDMT for HF symptoms
* PVR study to guide timing of

transplantation

mRERTE

m HCMBYS4FHFERTT
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>  SCD/JXUP T F0 &b 38

RITHENICDAYIRTE

> SCDXEEZ=: HCM Risk-SCD
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Family history of sudden | Sudden death judged definitively or likely attributable to HCM in > 1 first-degree or close relatives who are < 50 y of age. Close relatives would generally be
death from HCM second-degree relatives; however, multiple SCDs in tertiary relatives should also be considered relevant
Massive LVH Wall thickness > 30 mm in any segment within the chamber by echocardiography or CMR imaging; consideration for this morphologic marker is also given to

borderline values of > 28 mm in individual patients at the discretion of the treating cardiologist. For pediatric patients with HCM, an absolute or z-score threshold
for wall thickness has not been established; however, a maximal wall thickness that corresponds to a z-score > 20 (and >10 in conjunction with other risk factors)

appears reasonable

Unexplained syncope

> 1 unexplained episodes involving acute transient loss of consciousness, judged by history unlikely to be of neurocardiogenic (vasovagal) etiology, not
attributable to LVOTO, and especially when occurring within 6 mo of evaluation (events beyond 5 y in the past do not appear to have relevance)

HCM with LV systolic
dysfunction

Systolic dysfunction with EF < 50% by echocardiography or CMR imaging

LV apical aneurysm

Apical aneurysm defined as a discrete thin-walled dyskinetic or akinetic segment with transmural scar or LGE of the most distal portion of the LV chamber,
independent of size. (In children, apical aneurysm is uncommon, and the risk has not been studied.)

Extensive LGE on CMR | Extensive LGE, representing replacement fibrosis, either quantified or estimated by visual inspection, comprising > 15% of LV mass (extent of LGE conferring
imaging risk has not been defined in children)

NSVT on ambulatory > 3 beats at > 120 bpm has generally been used in studies. It would seem most appropriate to place greater weight on NSVT as a risk marker when runs are
monitor frequent (eg, > 3), longer (eg, > 10 beats), or faster (eg, > 200 bpm) occurring usually over 24 to 48 h of monitoring. For pediatric patients, a VT rate that exceeds

the baseline sinus rate by >20% is considered significant

Genotype status

Genotype-positive status (ie, harboring a putatively disease-causing pathogenic/likely pathogenic variant) is associated with higher SCD risk in
pediatric patients with HCM
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Nikolaidis S. In: Essence of Anesthesia Practice, 4th Edition, P.79
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System | Effect Assessment by Hx PE Test
Cv Myocardial ischemia Angina Worse with nitrates (avoid) ECQG, exercise tests, coronary angio (may
be “normal”), cardiac MRI
LVOT obstruction Dyspnea, syncope, dizziness Systolic murmur accentuated by Valsalva ECHO
Mitral regurgitation Dyspnea Holosystolic murmur ECHO
Dysrhythmias Syncope, sudden death, palpitations Rales, wheeze, edema ECG, Holter
Diastolic dysfunction Dyspnea ECHO, CXR
RESP pulm congestion Dyspnea, orthopnea Rales, wheeze CXR
Secondary pulm Htn Right heart cath
CNS Syncope Syncope, presyncope Negative CNS work-up

485 : angio, angiogram; cath, catheter or catheterization; CNS, central nervous system; CV, cardiovascular;

hypertension; pulm, pulmonary; resp/RESP, respiratory

Nikolaidis S. In: Essence of Anesthesia Practice, 4th Edition, P.79

CXR, chest x-ray; Htn/HTN,
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Management Considerations

Continue beta blockers and/or nondihydropyridine calcium channel blockers without interruption in the perioperative period

Avoid hypovolemia and reduced preload (can worsen LVOT obstruction)

Avoid hypotension and reduced afterload (can worsen LVOT obstruction)

Avoid tachycardia to ensure adequate LV filling

If hypotension develops:

Prioritize intravenous fluid administration to correct hypovolemia

Use alpha-agonists, such as phenylephrine or vasopressin, rather than beta-agonists, which can worsen LVOT
obstruction

Consider intraoperative echocardiography to evaluate LVOT obstruction in the setting of hypotension

In selected cases, intravenous beta-blockade may be necessary to reduce LV myocardial contractility and relieve LVOT

obstruction

J Am Coll Cardiol. 2024; 84(19): 1869 — 1969




nigg| £
BT 18



