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Intraoperative ST Segment Depression During General
Anesthesia in a Child: Early Detection of
Hypertrophic Cardiomyopathy
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Abstract

Continuous electrocardiographic (ECG) monitoring remains crucial dur-
ing surgery in infants and children. Although generally uncommon in
pediatric-aged patients, ECG changes may occasionally be indicative
of a variety of myocardial pathologies including anomalous origin of
coronary arteries, ventricular hypertrophy, myocarditis, hypothermia,
drug effects, electrolyte abnormalities, acid-base disturbances or con-
duction system disorders such as Wolff-Parkinson-White and Brugada
syndrome. Distinguishing between pathologic and non-pathologic con-
ditions impacting the ECG must be considered so that appropriate inter-
ventions are provided to prevent perioperative morbidity and mortality.
We report a case of a 2-year-old child who exhibited ST segment de-
pression and increased R wave amplitude during general anesthesia. Al-
though the anesthetic care was uneventful and the patient was otherwise
asymptomatic, immediate postoperative workup including echocardio-
gram revealed previously undiagnosed hypertrophic cardiomyopathy.
The occurrence of intraoperative ST-T wave changes in this patient un-
derscores the need for a high index of suspicion for underlying cardiac
pathology, even in the absence of overt clinical manifestations. This case
highlights the importance of intraoperative ECG monitoring in pediatric
patients, explores the causes of ST-T wave changes, reviews similar cas-
es in the literature, and proposes a pathway for perioperative evaluation.
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Introduction

Given that majority of pediatric-aged patients do not have co-
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morbid cardiac diseases that may predispose them to the devel-
opment of intraoperative coronary ischemia or arrhythmias, a
three-lead electrocardiogram (ECG) is typically used as a rou-
tine part of intraoperative monitoring. Lead II is typically used,
as it provides the P-wave morphology as well as identification
and analysis of potential arrhythmias. In rare instances, where
pediatric patients are at risk for ischemia, a five-lead ECG is
used with monitoring of leads II and V. Intraoperative ECG
changes may be otherwise benign or indicative of a variety
of myocardial pathologies (e.g., anomalous origin of coronary
arteries, ventricular hypertrophy, myocarditis), hypothermia,
drug effects, electrolyte abnormalities, acid-base disturbances,
or conduction system disorders like Wolff-Parkinson-White
and Brugada syndrome [1-5].

Distinguishing between pathologic and non-pathologic
conditions impacting the ECG must be considered so that ap-
propriate interventions are provided to prevent perioperative
morbidity and mortality. Particular attention must be given to
ST segment changes as they may be indicative of aberrations
in the balance of myocardial oxygen demand and delivery, re-
sulting in myocardial ischemia or infarction. In this report, we
describe a 2-year-old patient who developed intraoperative ST
segment depression and increased R wave amplitude. The role
of intraoperative ECG monitoring in infants and children is
discussed, the etiology of ST segment changes is presented,
and previous reports of such events are reviewed.

Case Report

At the time of surgery, the patient was 2 years and 10 months
old, weighing 18.6 kg. He was scheduled for left tympanoplas-
ty to correct a left-sided tympanic membrane hemangioma.
His past medical history was significant for snoring and ad-
enoid hypertrophy. His previous general anesthesia encounters
included magnetic resonance imaging (MRI) of the internal
auditory canals, examination under anesthesia (EUA) of the
ears, adenoidectomy, and tube insertion of the right ear - all
without complications. A preoperative physical examination
was unremarkable, with normal vital signs, and he was classi-
fied as American Society of Anesthesiologists (ASA) physical
status 1. After being nil per os (NPO) for 6 h, the patient was
transported to the operating room where standard ASA moni-
tors were placed. Following the inhalation of increasing incre-
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Figure 1. Photograph of the operating room monitor demonstrating ST segment depression.

ments of sevoflurane in nitrous oxide, a peripheral intravenous
cannula was placed. Propofol (60 mg) and morphine (2 mg)
were administered, and his trachea was intubated. Shortly af-
ter induction, ST depression was noted in the three-lead ECG
(Fig. 1). Lead placement was confirmed, and the patient was
placed on 100% oxygen. His vital signs remained stable with
normal sinus rhythm, and no hypotension or tachycardia. The
procedure was paused, and a second anesthesiologist was con-
sulted. A five-lead ECG was placed, and blood pressure was
elevated by 15-25% with incremental doses of phenylephrine
(5 - 15 pg), but the ST depression persisted. A serum troponin
level was obtained. Given the absence of additional symptoms,
the decision was made to continue with the surgery. The surgi-
cal procedure was completed without incident. The total an-
esthetic time was 94 min. At the completion of the procedure,
the patient’s trachea was extubated, and he was transferred
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to the post-anesthesia care unit (PACU). Due to the severity
of the ECG changes, a 12-lead ECG and an echocardiogram
were obtained. The ECG demonstrated normal sinus rhythm,
left axis deviation, left ventricular hypertrophy, ST elevation
in inferior leads, ST depression in lateral leads, and borderline
QT interval (Fig. 2). The echocardiogram showed severe non-
obstructive hypertrophic cardiomyopathy (HCM), asymmetric
hypertrophy of the interventricular septum, no valvular abnor-
malities, mildly dilated left atrium, impaired left ventricular
relaxation with increased left atrial pressure, and hyperdy-
namic left ventricular systolic function. With these findings,
a diagnosis of severe non-obstructive cardiomyopathy and
severe asymmetric hypertrophy of the interventricular septum
was made. Upon further discussion with the patient’s mother,
it was discovered that two of the patient’s siblings had been
diagnosed with HCM, though the patient himself had not been
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Figure 2. Postoperative electrocardiogram showing sinus rhythm, left axis deviation, left ventricular hypertrophy, ST elevation in
inferior leads, ST depression in lateral leads, increased R wave amplitude, and borderline QT interval prolongation.
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Table 1. Previous Reports of Intraoperative ST-T Wave Changes in Infants and Children

Authors and
reference

Summary of cases and outcome

Bell et al [2]

Alfirevic et al [4]
Girshin et al [5]

Geyer et al [11]

Case series of three patients including a 1-month-old, 790 g, 26-week gestation infant for PDA ligation; a 2-day-old,
3.5 kg, term infant with TGA for Senning procedure; and a 3-week-old, 4 kg, term infant with complex CHD following
cardiac surgery. In the first patient, 3 mm ST segment elevations during awake laryngoscopy resolved after intubation
of the trachea. A second episode of 2 mm ST segment elevation during lung compression with a decrease in oxygen
saturation. In the second patient, 3 mm ST segment elevations and increased HR, BP during chest closure, treated with
dopamine, isoproterenol, and nitroglycerin. The patient had a postoperative cardiac arrest and expired. In the third patient,
1 mm ST segment depression, decreased BP, heart block, and ventricular tachycardia occurred following separation from
CPB. Following successful resuscitation, there was depressed myocardial function which eventually resolved with inotropic
support. The patient was discharged home on POD 8 with normal myocardial function.

A 22-month-old, 13 kg toddler for adenoidectomy. ST segment depression with decreased BP and decreased oxygen
saturation following laryngospasm. ECG changes resolved after 10 min with correction of BP and oxygen saturation.

A 4-week-old, 1.7 kg term infant with Hanhart syndrome for tracheostomy. ST segment elevation and decreased BP due to
intraoperative right tension pneumothorax. ECG changes resolved with needle thoracostomy.

Case series of two patients including a 6-week-old, 5.96 kg infant scheduled for lensectomy with anterior vitrectomy and
a 4-year-old boy for circumcision. In the first patient, intraoperative hypotension occurred followed by secondary ECG
changes (ST segment depression and T wave inversion). With correction of BP, ECG changes disappeared. In the second
patient, after anesthetic induction, ST segment depression with a biphasic T wave was noted with no change in vital signs.
ECG changes reverted to baseline with a decrease in the volatile anesthetic agent. No postoperative concerns were noted
in either patient.

PDA: patent ductus arteriosus; TGA: transposition of the great vessels; HR: heart rate; BP: blood pressure; CHD: congenital heart disease; CPB:

cardiopulmonary bypass; POD: postoperative day; ECG: electrocardiographic.

screened. Additionally, there was a family history of sudden
death on his father’s side (great aunts). The father was not pre-
sent, and the mother was unsure if he had ever been screened.
The patient had no history of syncope and was asymptomatic
except for pain in the epigastric region, which occurs with
activity and rarely at rest. HCM genetic testing identified the
pathological variant, MYH?7, to be the cause of his HCM. It
was recommended that all his first-degree relatives receive
genetic testing for this condition. The patient was discharged
home with a Holter monitor for 48 h, which was unremarkable.
His activities were restricted to low static, low dynamic sports,
and follow-up echocardiogram was scheduled for 3 months
later. The follow-up echocardiogram showed persistent left
ventricular hypertrophy but was otherwise stable.

Discussion

As the majority of pediatric-aged patients are free from co-
morbid cardiac diseases that may predispose the development
of intraoperative coronary ischemia or arrhythmias, a three-
lead ECG is typically used as a routine part of intraoperative
monitoring during general anesthesia with monitoring of lead
II for P-wave morphology identification and arrhythmia analy-
sis. In contrast, the adult population, where the risk of intraop-
erative ischemia is higher, a five-lead ECG is used to monitor
the anterior and inferior myocardium, allowing for early detec-
tion of ischemic changes [6-8].

Intraoperative cardiovascular events in pediatric-aged
patients are usually triggered by the anesthetic agents such
as halothane, blood loss, or electrolyte disturbances [9, 10].

Unlike adults, pediatric-aged patients rarely experience intra-
operative ST segment changes. Non-pathologic ST-T wave
changes may be seen with J-point depression, early repolari-
zation, or due to sympathetic stimulation related to surgical
stimulation or an inadequate depth of anesthesia. However,
these changes may also be a sign of significant cardiovascu-
lar disease including myocardial ischemia or infarction, left or
right ventricular hypertrophy with strain, medication effects,
inflammatory processes such as myocarditis and pericarditis,
or electrolyte and acid-base disturbances (hypokalemia, hyper-
natremia, alkalosis). Reports of significant ST segment and T
wave changes during intraoperative anesthetic care in infants
and children remain limited (Table 1) [2, 4, 5, 11].

Even though ST-T wave changes are generally of limited
consequence in the absence of structural cardiac defects as noted
in these case reports, they should not be overlooked and prompt
evaluation is suggested given the potential that these changes
may be an early warning sign of myocardial pathology includ-
ing ischemia or even impending cardiac arrest. In our patient, ST
depression was noted after induction, during the maintenance
phase of anesthesia. As our patient was asymptomatic preop-
eratively and there were no intraoperative concerns, the surgical
procedure was continued. To rule out myocardial ischemia as an
etiology, phenylephrine was administered to increase the dias-
tolic blood pressure and augment coronary perfusion. However,
no change in the ST depression was noted.

Key components of myocardial oxygen delivery and de-
mand include diastolic blood pressure and heart rate. Blood
flow to the myocardium occurs primarily during diastole. It is
regulated by the difference between the diastolic blood pres-
sure and end diastolic pressure of the left ventricle, otherwise
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known as the myocardial perfusion pressure. Coronary blood
flow occurs during diastole which is dependent on the heart.
Myocardial oxygen demand is dependent on heart rate, end-
diastolic pressure, afterload, and myocardial contractility. Given
its involvement in both delivery and consumption, heart rate
remains the key component of the myocardial oxygen supply-
demand ratio.

Identification of potential pathologic causes of ST segment
and T wave changes during intraoperative care includes main-
tenance of baseline vital signs, correction of hypotension, hy-
poxemia, and hypercarbia. We would also suggest pausing the
surgical procedure in consideration of intraoperative cardiology
consultation to rule out undiagnosed congenital or acquired car-
diac disease with a formal 12-lead ECG and an echocardiogram.
Once physiologic causes (hypotension) and anatomic cardiac
diseases are eliminated, other causes including medication ef-
fect, electrolyte issues, and artifact should be considered.

In summary, we present a 2-year-old child who exhibited
ST segment depression during intraoperative care. Regardless
of the patient’s age, intraoperative ECG changes warrant a
prompt investigation to rule out pathologic causes, most no-
tably coronary ischemia. Supporting the primary determinants
of myocardial oxygen delivery includes assurance of adequate
oxygenation and blood pressure with control of heart rate. Ad-
ditional diagnostic workup should be guided by the patient’s
history and clinical scenario. This can then provide informa-
tion on whether the surgical procedure should continue.

While it is common to observe ST-T wave changes in
children during anesthesia and surgery, the majority of these
alterations are benign and do not indicate underlying cardiac
pathology. Identification of the abnormal ECG with a subse-
quent workup resulted in the early diagnosis of HCM in our
patient. As illustrated by previous reports, the risk of myocar-
dial ischemia is significantly higher in patients with congenital
heart disease (CHD) or during surgery for CHD [9, 12]. HCM,
a condition characterized by thickened heart muscle, can of-
ten remain asymptomatic or present with subtle signs. The
occurrence of ST-T wave changes in this patient emphasizes
the need for a high index of suspicion for underlying cardiac
pathology, even in the absence of overt clinical manifestations.
Given the risk of arrhythmias and sudden death associated
with this condition, early identification and intervention may
impact long-term outcomes.
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