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Abstract
Cardiac arrest following induction of general anesthesia is a rare event. A 47-yearold woman with a history of chronic neck pain secondary to spinal stenosis presented
for elective cervical laminectomy. Induction of general anesthesia induced cardiac
arrest and emergency insertion of the transesophageal echocardiogram probe identified
severe, undiagnosed left ventricular hypertrophy with dynamic outflow obstruction.
Resuscitative treatment was immediately implemented to include aggressive intravenous
fluid resuscitation, intravenous esmolol and phenylephrine to augment preload,
afterload, and reflex bradycardia effect. Return of spontaneous circulation was achieved
and the patient was admitted to the ICU, where she was extubated with preserved
neurocognitive function on the same day. Our case describes the risk presented by
undiagnosed cardiac abnormalities in what was accepted as a low-to-intermediate risk
patient undergoing an elective procedure. The increasing popularity and use of pocketsized handheld ultrasound devices may help reduce the risk of occurrences such as this
in the future.
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1. Introduction

2. Case History

Cardiac arrest following induction of general anesthesia is
a rare event that is often associated with the acuity of the
situation, the patient’s comorbidities, and the specific nature
of the surgical intervention [1, 2]. In addition, the patient
is usually very well known to the medical staff present and
thus treatment can be tailored to the precipitating cause(s)
of is most often a witnessed cardiac arrest [3]. As a result,
resuscitation and neurological outcomes are generally higher
in perioperative cardiac arrest cases as compared to cases of
cardiac arrest in the community or other in-hospital settings
[3]. While laminectomy is an intermediate risk procedure,
cervical procedures are low risk with respect to adverse cardiopulmonary events [4]. We present a case of cardiac arrest
due to an undiagnosed comorbidity following induction of
general anesthesia for an elective procedure. The patient was
not contacted directly to review the manuscript; however, the
patient provided a signed informed consent document at the
time of admission that authorizes Mayo Clinic to disseminate
and publish de-identified data in the form of research and/or
academic publications if needed.

A 47-year-old woman with medical history significant only
for chronic neck pain secondary to spinal stenosis presented
to the outpatient surgical center for elective cervical laminectomy. Immediately following induction of general anesthesia with standard doses of propofol, rocuronium, and fentanyl the patient experienced cardiovascular collapse followed
by cardiac arrest. No evidence of anaphylaxis or allergic
drug reaction (bronchospasm, rash, flushing) could be identified. The presenting rhythms were sinus bradycardia followed
by pulseless electrical activity (PEA). Treatment following
the ACLS algorithm was initiated, including atropine during
the peri-arrest episode of bradycardia followed by CPR and
epinephrine during cardiac arrest. After initial lack of success
in resuscitation efforts, the transesophageal echocardiogram
(TEE 5Mhz) probe was inserted emergently and images of the
left ventricle was obtained (Fig. 1). The prompt diagnosis
of severe left ventricular hypertrophy and severe dynamic
outflow obstruction (LVH) (ICD-9-CM 425.1, based on events
occurring prior to 2015) with sudden cardiac arrest (ICD-9CM 427.5) due to hypovolemic shock (ICD-9-CM 276.52)
was made and treatment was immediately adjusted to include
aggressive intravenous fluid resuscitation, intravenous esmolol
and phenylephrine to augment preload, afterload, and reflex
bradycardia effect. Return of spontaneous circulation was
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F I G U R E 1. Emergency TEE image of left ventricle
during resuscitation demonstrating almost complete cavity
obliteration and severe LVH throughout the ventricle.
achieved and the patient was admitted to the ICU, where
she was extubated with preserved neurocognitive function on
the same day. Cardiology was consulted and the patient
was discharged home to continue outpatient evaluation and
management of LVH prior to rescheduling her surgery.

3. Discussion
Cardiac arrest following anesthesia is an extremely rare event
[1, 2] but does present some unique differences as compared
to cardiac arrest in or out of hospital. Specifically, cardiac
arrest in the operating room most often occurs in a witnessed
fashion in a patient whose medical history is well known to the
practitioners present who, in the case of anesthesiologists, are
experts in life support and resuscitation [3]. Prompt lifesaving
intervention can begin immediately with targeted interventions
that, for the reasons identified above, often do not follow the
broad algorithms of advanced cardiac life support (ACLS)
protocols. In fact, initial treatment based upon the ACLS algorithm to treat bradycardia (e.g. atropine) was not successful
in stabilizing the patient and cardiac arrest ensued. However,
tailored treatment subsequently occurred in this case with the
administration of an alpha-agonist (phenylephrine) and a betaantagonist (esmolol), two medicines that are not recommended
in the ACLS algorithm for cardiac arrest. Consistent with reports of increased rates of survival and favorable neurological
outcomes following resuscitation [3], the patient in our case
experienced no long term sequelae.
This event was surprising because increased rates of adverse cardiopulmonary events including cardiac arrest are not
associated with cervical laminectomy surgery [4]. Emergent
surgical cases involving elderly [1] or pediatric [2] patients
represent the highest risk categories for cardiac arrest due to
induction of anesthesia and the majority events are attributed
to overdoses of anesthetic agents. Our patient did not fit the
high-risk profile and her anesthesia dosing was appropriate.
Specifically, her anesthesia induction included routine agents
and intubation was performed successfully on first attempt
without difficulty. Adequate ventilation and oxygenation were
performed as per protocol and without difficulty even with

the onset of bradycardia. Given the patient’s rapid response
to therapy directed specifically at augmenting her preload,
afterload, and hypovolemic status, her undiagnosed cardiac
disease is likely the precipitating cause. Perhaps even more
surprising, her severe LVH and associated outflow obstruction
was asymptomatic and undiagnosed until this event. Hypovolemia due to pre-operative nil per os (NPO) status and exacerbated by vasodilatation following general anesthesia induction
is likely to have been an additional significant contributing
factor in the events that transpired. However, based upon
her age, her lack of known comorbidities, and the nature
of the surgical intervention, our patient satisfied the criteria
for low-to-intermediate risk and did not warrant further preoperative evaluation (i.e. electrocardiogram, echocardiogram,
stress test) [4–6]. However, middle-aged women are underrepresented in these studies and even more so when the absence
of known comorbidity is factored in to the risk stratification
equation [7].
With respect to the patient’s underlying LVH, this condition
had not been diagnosed prior to the performance of the TEE.
Auscultation can distinguish the murmur associated with LVH
from other murmurs, including innocent flow murmurs, approximately two-thirds of the time [8]. The pitfalls of relying
upon auscultation alone to make the diagnosis LVH have been
described [9] and it is likely that the impact of these pitfalls
has only increased in the interim. The advent of pocketsized handheld point-of-care ultrasound (POCUS) devices and
their increasing prevalence may provide a means by which to
prevent situations such as described in this case in the future.
These ultrasound devices and their ease of use can significantly
increase the accuracy of in diagnosing cardiac abnormalities
including LVH [10, 11]. Scans, including cardiac studies,
obtained with POCUS devices can provide clinically useful
information in up to 95% cases [12]; furthermore, novice users
such as internal medicine and anesthesiology residents in their
first year of training are able to obtain “gold standard” cardiac
images (96% agreement with images obtained by cardiology
specialists with specificity 0.91, sensitivity 0.97) [13]. More
than 85% of novice POCUS users are able to obtain cardiac
images in < 10 s after one day of training [14]. As the costs
of pocket sized devices decrease (approximately $2000 USD
currently), they are being issued to new medical students at the
start of medical school [15].
To our knowledge based upon a review of the available
literature, a prescribed algorithm and standardized approach
to cardiopulmonary resuscitation following cardiac arrest due
to LVH has not been published. Patients with LVH are at
an increased risk of death due to cardiac arrhythmias such as
ventricular tachycardia and ventricular fibrillation as compared
to individuals without LVH [16]. The standard treatment for
these arrhythmias is synchronized cardioversion or defibrillation, respectively. The prompt diagnose of the cause of
this patient’s cardiovascular collapse in conjunction with an
expert understanding of cardiovascular physiology led to the
administering of the tailored treatment that allowed resuscitative efforts to be successful in this case.
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4. Conclusion
Significant LVH does increase the risk associated with surgical procedures but, with TEE to monitor for early signs
of dynamic outflow obstruction, successful outcomes can be
achieved [17, 18]. The utilization of pocket-sized handheld
ultrasound devices may help clinicians identify patients with
undiagnosed cardiac conditions before unexpected emergency
situations arise during elective surgeries. Fortunately, our
patient’s resuscitation was successful and she did not have long
term sequelae associated with her cardiac arrest.
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