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Abstract
Hypertrophic cardiomyopathy (HCM) is a common condition. Recent advancements in treatment and access to 
multidisciplinary care have improved such patients' lifespans and lower morbidity. Anesthetists are thus likely to 
encounter patients with varying severity of HCM presenting for non-cardiac surgery. The pathophysiology of HCM 
is complex, and a thorough understanding is vital to provide a safe anesthetic to such patients. We present a review of 
reported anesthetic techniques that have been safely used in patients with HCM undergoing non-cardiac surgery since 
1986, as well as the management of complications that were encountered. In most cases, HCM is a benign condition and 
patients can expect a normal life expectancy. As long as appropriate hemodynamic goals are achieved intraoperatively, 
most anesthetic techniques can be safely utilized for patients with HCM with good outcomes.
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1. Introduction
Hypertrophic cardiomyopathy (HCM) is the commonest 
inherited cardiomyopathy, affecting up to 0.2% of the population 
[1-4]. The condition was previously called subaortic stenosis, 
or hypertrophic obstructive cardiomyopathy. However, in about 
25% of cases, obstruction may be absent despite provocative 
maneuvers [4-6]. Thus, the term hypertrophic cardiomyopathy 
is used in the recent American Heart Association (AHA) 2020 
guidelines [4]. The pathophysiology of HCM is complex, 
involving interplay between multiple abnormalities including 
diastolic dysfunction, left ventricular outflow obstruction 
(LVOTO), and systolic anterior motion of mitral valve leaflets. 

The anesthetist is likely to encounter patients with varying 
severity of HCM. It is important to understand the underlying 
pathophysiology of this condition, and the hemodynamic goals 
during anesthesia. The aim of this manuscript is to highlight the 
salient pathophysiology in HCM patients and review the cases 
in the literature, thereby offering knowledge and solutions for 
safe perioperative management of HCM patients. In the last 
two decades, there have been numerous case reports and series 
which we have identified and included in this literature review, 
equipping anesthetists with greater numbers of experience in 
managing patients with HCM. Furthermore, for the last decade, 
there have been two new medications specifically designed for 
treatment of HCM, and have undergone randomized controlled 
trials.

2. Epidemiology
HCM is a common condition affecting 0.2% of the population 
[7]. Although there is male preponderance, the female gender is 
associated with higher mortality and worse outcomes [8,9]. Up 
to one third of HCM cases are autosomal dominant and involve 
genes encoding sarcomere-associated proteins. The most 
common causal genes are MYH7 and MYBPC3, which account 
for up to 50% of familial cases of HCM [3]. However, among 
those with the HCM genotype, there is variable penetrance 
and significant phenotypic heterogeneity. Carriers of the HCM 
genotype may exhibit less severe HCM, or even the absence of 
HCM altogether [10]. The AHA/ACC thus recommends genetic 
testing for individuals with HCM, with appropriate pre-test and 
post-test counselling [4].

Recent studies suggest that individuals with HCM do not 
have a higher mortality rate or lower life expectancy than the 
general adult population [4]. This is in part due to improved 
risk stratification of at-risk individuals who may benefit from 
implantable cardioverter-defibrillators (ICD). There are many 
consensus guidelines for risk stratification of individuals at risk 
of sudden cardiac death (SCD), and common risk factors include 
the presence and severity of left ventricular outflow obstruction, 
severity of left ventricular hypertrophy, episodes of ventricular 
tachycardia, and genotype [4,11]. However, these risk factors and 
algorithms fail to represent individuals with undiagnosed HCM, 
as this population is understandably difficult to identify and 
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study. Nonetheless, this is a population that cannot be ignored; in 
a postmortem study of sudden deaths in Spain between 2010 and 
2015, up to 21% of sudden deaths were attributed to previously 
undiagnosed HCM [12]. 

3. Pathophysiology
HCM can lead to hypertrophy of different parts of the left 
ventricle. While the basal-septal region is most commonly 
affected, the apex, free wall, and postero-lateral wall may be 
affected as well [13]. The right ventricle is rarely involved. 
LVOTO may occur from asymmetrical hypertrophy of the 
interventricular septum inferior to the aortic valve (which 
was why HCM was previously called hypertrophic subaortic 
stenosis), or from systolic anterior motion (SAM) of the mitral 
valve. Narrowing of the left ventricular outflow tract (LVOT) 
leads to increased velocity of blood flow. 

This creates drag forces and a Venturi effect on the mitral leaflets. 
The increased velocity of blood causes reduced pressure in the 
LVOT, and the lower pressure draws the anterior mitral leaflet 
(AML) into the LVOT. This displacement of the AML during 
systole worsens LVOTO and is referred to as SAM (Systolic 
Anterior Motion of the mitral leaflets). SAM of the anterior 
leaflet also disrupts the coaptation of the mitral valve leaflets, 
and often results in mitral regurgitation. The result is a dynamic 
obstruction that varies with cardiac contractility, preload, and 
afterload. Microvascular dysfunction couples with the cycle 
of worsening hypertrophy and obstruction, predisposing HCM 
patients to myocardial ischemia and heart failure [14].

Caption: 
Figure 1: LAX view of septal hypertrophy and SAM, resulting 
in LVOTO during ventricular systole.

In late stages, 3-5% of HCM patients may progress into the 
‘dilated phase of HCM’. This phase is characterized with reduced 
left ventricular ejection fraction, as well as left ventricular wall 
thinning and cavity dilatation [15]. It is important to recognize 
this as a separate entity from dilated cardiomyopathy, as such 
patients with late stage HCM as they have a higher incidence of 
ventricular arrhythmias and mortality compared to patients with 
dilated cardiomyopathy.

4. Treatment of HCM
Medical therapy for HCM involves beta-blockers and calcium 
channel blockers. In patients at risk of SCD, an automatic 

implantable cardioverter-defibrillator (AICD) may be 
considered. Patients whose disease progresses to advanced 
heart failure despite optimal medical therapy may require 
invasive septal reduction therapy. Options include trans-aortic 
septal myectomy, or percutaneous alcohol septal ablation. The 
latter newer technique involves injection of ethanol through 
the coronary arteries, to induce a localized infarction of the 
ventricular septum.

4.1 Novel Therapies
Current medical and surgical treatments for HCM do not 
treat the underlying pathophysiology of abnormal ventricular 
contractability and hypertrophy. Beta blockers and calcium 
channel blockers aim to reduce heart rate and address the 
resultant diastolic dysfunction from ventricular hypertrophy. 
Septal myectomy and ablation techniques reduce the amount 
of hypertrophic ventricular septum, but cannot reverse the 
underlying hypercontractile state of the remaining myocardium. 
In the last decade, cardiac myosin inhibitors (CMI) mavacamten 
and aficamten have been developed to treat the molecular basis 
of HCM. These first-in-class molecules reduce the formation 
of actin-myosin cross-bridges, targeting the dysregulated 
hyper-contractility of the hypertrophic ventricle [16,17]. The 
EXPLORER-HCM and VALOR-HCM trials show promising 
evidence that CMIs may be beneficial in relieving symptoms 
of heart failure in advanced HCM, as well as reducing the 
need for septal myectomy [17,18]. However, mavacamten is 
recommended only for patients with a left ventricular ejection 
fraction ≥55% as it may be associated with a reversible reduction 
in left ventricular ejection fraction by up to 10% [17]. Despite 
promising early evidence for the use of CMIs, further studies 
are needed on the long-term efficacy, safety profile, and cost 
effectiveness of these novel agents [19].

5.  Considerations for Anesthesia
When patients with HCM present for non-cardiac surgery, the 
hemodynamic goals can be summarized as: 1. Maintain adequate 
preload 2. Maintain afterload 3. Avoid increases in contractility 
4. Avoid tachycardia. Exacerbations of LVOTO reduce cardiac 
output and coronary perfusion; coupled with impaired diastolic 
function and a hypertrophic myocardium, this further predisposes 
HCM patients to myocardial ischemia. Hypovolemia should be 
avoided, as the hypertrophied myocardium has often adapted to 
higher left ventricular diastolic pressure. The hypocompliant, 
hypertrophic left ventricle is frequently associated with impaired 
ventricular filling during diastole i.e., diastolic dysfunction. 
Adequate preload is also necessary to promote forward flow 
due to the pressure gradient in the left ventricular outflow tract. 
Conversely, hypovolemia exacerbates the Venturi effect and 
pressure gradient within the LVOT, drawing the AML into the 
LVOT and worsening mitral regurgitation.

However, judicious fluid management is paramount, as fluid 
overload can lead to pulmonary oedema. Fluid status needs to 
account for baseline and can be assessed with clinical maneuvers 
(such as passive leg raise, end expiratory occlusion test), 
with point-of-care imaging, or invasive monitoring (such as 
pulmonary capillary wedge pressure and central venous pressure 
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monitoring), and the use of cardiac output monitors. Reductions 
in afterload result in a greater pressure gradient across the left 
ventricular outflow tract, which exacerbates the Venturi effect 
and worsens LVOTO. Reduction in afterload also reduces 
perfusion of the aortic sinuses and coronary arteries, which 
may precipitate ischemia of the hypertrophic left ventricle. 
Increases in contractility and heart rate increase myocardial 
oxygen requirements and reduce diastolic time for ventricular 
filling and coronary perfusion. In addition, positive inotropy 
is associated with increased pulmonary artery wedge pressure, 
which can result in pulmonary edema. Thus, using vasopressors 
to correct hypotension would be most logical. Phenylephrine, 
a selective alpha-1 adrenergic agonist, causes vasoconstriction 
and reflex bradycardia, hence is the commonest agent reported 
in the literature [20-32].

6. Considerations for Obstetric Anesthesia
Pregnancy and delivery are associated with hemodynamic 
changes which may be poorly tolerated by the HCM patient. 
Plasma volume increases from the first trimester and is 
accompanied by an increase in stroke volume and heart rate 
[33]. At the time of delivery, there are significant changes to 
a parturient’s volume status. Obstetric hemorrhage can cause 
profound hypovolemia over a relatively short period of time 
and may be subsequently followed by uterine contraction 
and autotransfusion. There is also a surge in circulating 
catecholamines due to pain, resulting in tachycardia and reduced 
time for diastole [34,35]. These physiologic changes worsen 
LVOTO and may precipitate pulmonary edema in the parturient.

There has been a gradual trend of improving outcomes for 
parturients with HCM in the last 3 decades. In 1999, Autore 
et al demonstrated that parturients with HCM and LVOTO 
experienced a higher mortality than the general population, at 
10 deaths per 1000 live births [36]. Parturients who experienced 
cardiac symptoms even prior to their pregnancy were at an 
increased risk of deterioration. This finding was echoed in a 
study by Thaman in 2003 [37]. In more recent years, however, 
data from the European Pregnancy Society of Cardiology in 
2019 suggests that pregnancy and delivery are generally well 
tolerated by patients with HCM, even if they are known to 
have LVOTO [38]. This trend could be in part due to improved 
risk stratification of patients with HCM, and improved access 
to interventions such as ICD implantation. It may also reflect 
improved access to multidisciplinary care. The 2020 American 
Heart Association guidelines suggests that for parturients with 
HCM, plans for delivery should be made in conjunction with 
a multi-disciplinary team, involving cardiologists, obstetricians, 
anesthetists, and fetal medicine specialists. Previously, it was 
thought that patients with HCM should deliver via elective 
cesarean section. This was thought to avoid the hemodynamic 
changes associated with labor, pain, and bearing down during 
vaginal delivery. Historically, general anesthesia was the choice of 
anesthetic for the cesarean section; spinal and epidural anesthesia 
were avoided over concerns of vasodilatation worsening SAM 
and LVOTO. However, more recent data suggests that vaginal 
delivery and epidural anesthesia are generally well tolerated by 
parturients with HCM [4,39]. Further, cesarean section may be 

associated with greater blood loss compared to normal vaginal 
delivery [40].

7. Methodology
We conducted a literature review of case studies and case series 
on HCM the Pubmed and Medline databases. We hand-searched 
the keywords hypertrophic cardiomyopathy, hypertrophic 
obstructive cardiomyopathy, subaortic stenosis, anesthesia, and 
surgery. Only non-cardiac surgery was included, and pediatric 
patients were excluded. Only cases involving isolated HCM 
were included; cases involving genetic syndromes or congenital 
heart disease were excluded. We excluded articles that were not 
in English. We reviewed a total of 84 case reports; 28 reports 
were excluded as the article was either not accessible, or not in 
English. Our report discusses the remaining 56 reports, involving 
a total of 64 patients.
8. Literature Review
8.1 Obstetric Anesthesia
Twenty-five of the patients were obstetric, of which 18 underwent 
cesarean section, 6 had vaginal deliveries, and 1 underwent a 
laparotomy for post-partum hemorrhage. In addition to standard 
ASA monitoring, most patients also had invasive blood pressure 
monitoring, central venous pressure monitoring, and large bore 
intravenous access [31,32,36,41-51]. The use of trans-thoracic 
and trans-esophageal echocardiography, pulmonary artery 
catheterization, and Flotrac  were also mentioned [44-46,48,51]. 

Regional anesthetic was the most common technique of choice, 
described in 8 cases. Epidural anesthesia  was most common, 
followed by combined spinal-epidural, continuous spinal, and 
single shot spinal  [31,32,43-50,52-54]. 

Only 7 cases described the use of general anesthetic, of which 
1 case involved a pre-induction single-shot spinal, followed 
by induction of general anesthesia [41,42,46,49,51,55,56]. 
One case described a judicious crystalloid fluid bolus  prior to 
induction to maintain preload and counteract the vasodilation 
associated with induction [42]. Rapid sequence induction was 
commonly induced, and induction agents described include 
propofol, thiopentone, and etomidate. Relaxants used included 
suxamethonium and rocuronium, and all cases of general 
anesthetic used an opioid for induction, such as fentanyl or 
remifentanil. 

Although no mortality was reported, one case reported a 
perioperative myocardial infarction due to hypotension 
following the spinal anesthetic [54]. Three cases of pulmonary 
oedema were reported, and required diuresis with furosemide 
postoperatively [49,56]. Of the 18 cases of cesarean section, 12 
were elective. This underscores the importance of planning early 
for delivery in parturients with HCM.

8.2 Non-Obstetric Anesthesia
We reviewed 30 cases of general anesthesia (4 of which 
were liver transplant surgeries), 3 cases of central neuraxial 
anesthesia, and 4 cases of peripheral nerve block. In addition 
to standard ASA monitoring, most patients also had invasive 
monitoring; 17 out of 26 patients undergoing general anesthesia 
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for non-transplant surgery had arterial blood pressure 
monitoring [20–25,27,55,57–63]. IA monitoring was also used 
in patients undergoing regional techniques [64-66]. Central 
venous catheterization was less common and was utilized in 7 
cases undergoing general anesthesia for non-transplant surgery 
under general anesthesia, and 2 case under regional anesthesia 
[21,23,24,55,59,61,64,66,67]. Less commonly used methods 
include pulmonary artery catheterization (used in 3 cases, all in 
the 1990s), and echocardiography (4 cases of transesophageal 
echocardiography under general anesthetic, and 1 case with 
transthoracic echocardiography under a regional anesthetic) 
[22,26,60,65,68]. 3 cases in Japan described monitoring with 
Flotrac [20,57].

For general anesthesia, preload was typically maintained with a 
gentle fluid bolus prior to induction, in anticipation of relative 
hypovolemia due to vasodilatation [22,25,26,68]. In two cases, 
fluid status was guided by intraoperative transesophageal 
echocardiography [22,26]. A variety of induction agents were 
described, including propofol, etomidate, and thiopentone. 
Adjuncts to induction included opioids like fentanyl and 
remifentanil, benzodiazepines, and ketamine. Relaxants used 
included suxamethonium, vecuronium, and rocuronium. 
Attention was paid to avoiding tachycardia associated with 
anxiety pre-operatively, during laryngoscopy, and postoperatively 
due to pain. Premedication with an anxiolytic was described in 
4 cases [24,27,59,69]. One case even described application of 
eutectic mixture of local anesthetic (EMLA) prior to intravenous 
cannulation, as well as topicalization of the airway to reduce the 
response to laryngoscopy [21]. Beta-adrenergic antagonists were 
also used to attenuate laryngoscopy-related tachycardia; the use 
of short-acting agents such as esmolol and landiolol bolus and 
infusion were described [20,23,59,61,63]. Longer acting beta-
adrenergic antagonists such as propranolol and metoprolol 
were also described [26,27]. Hemodynamic parameters were 
maintained with phenylephrine and noradrenaline. Maintenance 
of anesthesia with volatile gas and total intravenous anesthesia 
were both described. 

Postoperatively, in addition to long-acting opioids, regional 
techniques such as epidural and peripheral nerve block (single 
shot and catheter) were also used as adjuncts for analgesia 
[23,59,60,62,68-70]. Adequate postoperative analgesia is 
paramount, as illustrated in one case from India. Following a 
bilateral total knee replacement under general anesthetic and 
bilateral femoral nerve catheter infusions, the patient developed 
postoperative pain and tachycardia. Despite further boluses 
through the nerve catheters, as well as metoprolol boluses, 
the patient developed acute pulmonary oedema requiring 
furosemide diuresis [23]. This was the only reported case of a 
patient developing postoperative complications following non-
obstetric surgery.

Two patients required postponement of surgery for insertion of 
an ICD or pacemaker. The first patient presented for elective 
right lung surgery and developed ventricular tachycardia 
during insertion of a thoracic epidural. This was aborted with a 
bolus of lidocaine, however during positioning before surgery, 

ventricular tachycardia recurred. Surgery was postponed, and 
the patient underwent insertion of an ICD [70]. The second 
case presented for a right upper lobectomy, also involving an 
uneventful thoracic epidural prior to induction [69]. However, 
post-induction the patient developed profound hypotension and 
bradycardia. The surgery was also postponed, and the patient 
underwent insertion of a pacemaker.

8.3 Undiagnosed HCM
The cases above describe instances where HCM was diagnosed 
preoperatively. In those cases, the severity of HCM was assessed 
preoperatively, and the appropriate anesthetic technique and 
monitoring was chosen accordingly. We have found 6 cases 
where the first presentation of HCM occurred perioperatively or 
intraoperatively. 3 of these were emergency surgeries, and the 
other half presented for elective surgeries [71-76].

Majority of cases presented with intraoperative hemodynamic 
instability despite the use of vasoactive agents. In case in 1984, 
the diagnosis of HCM was made intraoperatively by identifying 
a click and murmur on esophageal stethoscope [72]. In more 
recent years, the use of point-of-care ultrasound in perioperative 
care has led to the diagnosis of HCM and LVOTO with greater 
accuracy. In two cases, hemodynamic instability not responding to 
vasopressors prompted the use of intraoperative transesophageal 
echocardiography, which confirmed the diagnosis of HCM and 
LVOTO [75,76]. One case presented with LVH incidentally 
noted on preoperative point-of-care transthoracic cardiac 
ultrasound, prompting a preoperative cardiology consultation 
and diagnosis prior to emergent surgery for tracheal rupture [71].

The timely suspicion of HCM in hypotension worsening with 
positive inotropy and chronotropic allowed the appropriate 
hemodynamic goals to be instituted, and there are thus far no 
reported mortalities involving patients with undiagnosed HCM 
undergoing non-cardiac surgery. Nonetheless, one instance of 
morbidity was reported in a patient with previously undiagnosed 
HCM with LVOTO [76]. The patient was known to have 
symmetric, concentric left ventricular hypertrophy, and presented 
for elective trans-aortic valve replacement under sedation. 
LVOTO was not present during pre-operative echocardiographic 
evaluation of aortic stenosis. However, during rapid ventricular 
pacing, the patient developed profound hypotension requiring 
phenylephrine, ephedrine, vasopressin, noradrenaline, and 
adrenaline infusions. Despite the diagnosis of LVOTO in the 
presence of ventricular hypertrophy, and the subsequent use of 
esmolol and phenylephrine to increase afterload and reduce heart 
rate, the patient developed acute pulmonary edema, requiring 
intubation and transfer to the intensive care unit.

Patients with HCM and LVOTO may present with sudden 
profound hypotension during anesthesia due to reduction in 
afterload and the precipitation of LVOTO. The hypotension 
may be profound and unresponsive to positive inotropic and 
chronotropic agents. We suggest that when patients present 
with hemodynamic instability that worsens with positive 
chronotropy or inotropy, HCM should be considered as a 
diagnosis. Resuscitation should be guided either transthoracic or 
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transesophageal intraoperative echocardiography, and treatment 
should prioritize the goals of rate control, and increase in 
afterload.

9. Discussion
We have reviewed all literature on anesthesia for HCM up 
to 2023. For obstetric patients with HCM, pregnancy is 
usually well tolerated. Early involvement of a cardiologist 
and multidisciplinary team to plan for delivery is important 
where the diagnosis of HCM is known. Both general and 
regional anesthesia is well tolerated where attention is paid 
to the hemodynamic changes and shifts in fluid status during 
pregnancy, labor, and delivery. For non-obstetric surgery, 
both general and regional techniques are also well tolerated. 
Attention should be paid to avoiding tachycardia due to pain 
or laryngoscopy, as this can worsen LVOTO and precipitate 
myocardial ischemia. Appropriate monitoring of hemodynamic 
parameters and fluid status can be useful to avoid fluid overload 
and pulmonary edema. 

When the diagnosis of HCM is not known, the management of 
sudden profound hypotension may be challenging. Due to the 
mechanism of SAM, vasoactive agents that result in positive 
chronotropy and inotropy may paradoxically worsen LVOTO 
and hypotension. Thus hypotension may be refractory to common 
vasoactive agents such as ephedrine and noradrenaline. Point of 
care cardiac echocardiography can be invaluable in discerning 
the diagnosis of HCM and SAM, and guide resuscitation and 
fluid therapy. The limitations of our literature review include 
publication bias, as cases with unfavorable outcomes are less 
likely to be submitted for publication. The diagnosis of HCM 
may also be missed in certain cases, and as mentioned, previously 
undiagnosed HCM can be a significant cause of SCD.

10. Conclusion
Knowledge of the pathophysiology of HCM is important for 
the anesthetist, who will undoubtedly encounter HCM during 
their career. It is a benign condition, and most patients with 
HCM can expect to have a normal life expectancy. With support 
from a multidisciplinary team, the diagnosis of HCM is often 
known, and the appropriate care with regards to hemodynamic 
monitoring can be undertaken for a safe anesthetic. Where the 
diagnosis of HCM is not known, the hemodynamic status of 
these patients under anesthesia may be more challenging to 
manage. Adjuncts such as point of care echocardiography may 
be helpful in discerning the diagnosis and guiding their therapy.

11. Key Messages
1. The pathophysiology of HCM is dynamic and involves 
ventricular hypertrophy, systolic anterior movement of the 
mitral leaflet. This results in left ventricular outflow obstruction.
2. The intraoperative hemodynamic goals for HCM include 
maintaining adequate preload, maintaining afterload, avoiding 
hypercontractility, and avoiding tachycardia
3. Pregnancy and parturition are generally well tolerated in 
patients with HCM. Regional and general anesthesia is well 
tolerated for delivery.
4. A variety of anesthetic techniques, including general 

anesthesia, central neuraxial anesthesia, and regional anesthesia, 
can be safely utilised in patients with HCM insofar as appropriate 
hemodynamic goals are achieved
5. In patients with undiagnosed HCM, majority presented with 
intraoperative hemodynamic instability that did not respond to 
typical vasopressive agents. The used of point-of-care ultrasound 
may be invaluable in establishing the diagnosis of LVOTO, and 
aiding the appropriate hemodynamic goals to be instituted.
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