ELMER
PRESS

Case Report ] Med Cases. 2020; | 1(3):68-72

Anesthetic Care During Posterior Spinal Fusion in an
Adolescent With Ebstein’s Anomaly
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Abstract

Ebstein’s anomaly is a rare form of cyanotic congenital heart disease
(CHD) that involves malformation and dysfunction of the tricuspid
valve and right ventricle (RV). The severity of the defect impacts clin-
ical presentation, survival, and treatment options. Presentation during
the neonatal period with hypoxemia and cyanosis is noted in patients
with severe tricuspid valve malformation, a hypoplastic RV, or RV
outflow tract obstruction. However, presentation later in infancy is
more common when there is a moderate tricuspid valve malformation
and no associated RV outflow tract obstruction. Although Ebstein’s
anomaly is not generally associated with other congenital defects,
patients may occasionally require surgery for other comorbid con-
ditions. We describe the perioperative anesthetic management of an
adolescent with Ebstein’s anomaly for posterior spinal fusion. Previ-
ous reports of anesthetic care in this clinical scenario are reviewed,
anesthetic considerations discussed, and options for intraoperative
monitoring and anesthetic care presented.
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Introduction

Ebstein’s anomaly is a rare form of cyanotic congenital heart
disease (CHD) that involves malformation and dysfunction
of the tricuspid valve and right ventricle (RV). It comprises
less than 1% of all congenital heart defects [1]. It was first
described by Wilhelm Ebstein in 1866 in a 19-year-old patient
who presented with cyanosis, dyspnea, palpitations, and car-
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diomegaly [2, 3]. Autopsy findings noted an extremely dilated
right atrium, a patent foramen ovale (PFO), and an abnormal
tricuspid valve where the proximal anterior leaflet was tethered
to the ventricular endocardium. It was concluded that this car-
diac anomaly consisted of a severe malformation of the tricus-
pid valve, absence of the Thebesian valve (which Ebstein saw
as having no influence on the pathophysiology), and a PFO.

Subsequent to its original description, the anatomical
variations of Ebstein’s anomaly have been further defined
into five major components: 1) Failure of delamination of
the posterior and septal tricuspid valve leaflets leading to ad-
herence to the ventricular myocardium; 2) Downward dis-
placement of the tricuspid valve annulus; 3) Atrialization and
dilation of a variable section of the RV; 4) Fenestrations, re-
dundancy and tethering of the anterior leaflet; and 5) Dilation
of the right atrioventricular (AV) junction [4, 5]. In addition
to the above pathology, global dilation of the RV can lead to
compression of the left ventricular chamber due to displace-
ment of the ventricular septum. The clinical features stem
primarily from the RV dysfunction and right-to-left shunting
if an atrial communication is present. Right-sided heart fail-
ure, cyanosis, and arrhythmias are common manifestations of
Ebstein’s anomaly.

Although the diagnosis is frequently made in utero due to
the routine use of ultrasound screening during pregnancy, the
severity of the defect impacts clinical presentation, survival,
and treatment options. In particular, the clinical presentation
depends on the severity of the tricuspid valve malformation
and the associated RV compromise. Presentation with hypox-
emia and cyanosis during the neonatal period occurs in pa-
tients with severe tricuspid valve malformation, a hypoplastic
RV, or RV outflow tract obstruction. Presentation later in infan-
cy is more common in children with moderate tricuspid valve
malformation and no associated RV outflow tract obstruction.
Delayed presentation to adolescence and even adulthood may
occur when an incidental murmur is heard or during a workup
for arrhythmias [6].

Unlike other forms of CHD, Ebstein’s anomaly is not
generally associated with other congenital defects. However,
patients may occasionally require surgery for other comorbid
conditions. We describe the perioperative anesthetic manage-
ment of an adolescent with Ebstein’s anomaly for posterior
spinal fusion (PSF). Previous reports of anesthetic care in this
clinical scenario are reviewed, anesthetic considerations dis-
cussed, and options for intraoperative monitoring and anes-
thetic care presented.
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Case Report

Preparation of this case report followed the guidelines of the
Institutional Review of Nationwide Children’s Hospital (Co-
lumbus, OH, USA). The patient was a 14-year-old, 31.5 kg
adolescent who presented for PSF for treatment of neuro-
muscular scoliosis. Her past medical history was significant
for CHD including Ebstein’s anomaly of the tricuspid valve,
bicuspid aortic valve, coarctation of the aorta, and subaortic
valve stenosis. Additional medical concerns included a his-
tory of supraventricular tachycardia, cerebral palsy, gastroe-
sophageal reflux disease, hypertension (renal), nephrocalci-
nosis, dysphagia, tracheostomy dependence, seizure disorder,
vesicoureteral reflux (VUR), and asthma. Past surgical history
included gastrostomy tube placement, adenoidectomy, blad-
der repair for VUR, tracheostomy, ureteral reimplantation,
tympanostomy tube insertion, and repair of aortic coarctation
and subvalvular stenosis. Current medications included ome-
prazole, baclofen (20 mg, one tablet three times daily), potas-
sium citrate (three times daily), sennosides (5 mL, once daily),
norethindrone-ethinyl estradiol (one tablet daily), albuterol (90
ug, two puffs every 4 h as needed), fluticasone (44 pg, two
puffs twice daily), sucralfate (1 g, twice daily), nitrofurantoin
(50 mg, once daily), lamotrigine (200 mg, twice daily), lev-
etiracetam (1,000 mg, twice daily), and polyethylene glycol
(17 g, once daily). Allergies included promethazine and sul-
fonamide antibiotics. Preoperative vitals revealed a heart rate
of 102 beats/min, a respiratory rate of 20 breaths/min, blood
pressure of 128/90 mm Hg, and an oxygen saturation of 100%
on room air. The preoperative echocardiogram demonstrated
the Ebstein’s anomaly of the tricuspid valve, aortic coarctation
status post resection with end-to-end anastomosis, bicuspid
aortic valve, mild subvalvular and valvular aortic stenosis, se-
vere right atrial and right ventricular enlargement related to the
large atrialized portion of the RV, mild tricuspid regurgitation
and qualitatively normal biventricular systolic function. Physi-
cal examination revealed a thin adolescent with mild spasticity
and joint contractures. Preoperative labs demonstrated a pro-
thrombin time of 13.6 s, international normalized ratio (INR)
of 1.02, and activated partial thromboplastin time (aPTT) of
29 s. Renal function was unremarkable with blood urea nitro-
gen (BUN) of 7 mg/dL and creatinine of 0.38 mg/dL. Hemo-
globin was 13.1 g/dL and hematocrit was 40.0%. The patient
was assigned an American Society of Anesthesiologists’ clas-
sification 4 with a plan for general anesthesia and invasive
hemodynamic monitoring. Special concerns included a history
of difficult vascular access, the need for invasive monitoring,
administration of blood products, and possible postoperative
mechanical ventilation with planned intensive care unit (ICU)
admission. The anesthetic plan, risks, benefits and alternatives
were discussed with the parent and informed consent was ob-
tained. The patient was held nil/ per os for 8 h prior to surgery.
Upon arrival to the operating room, routine American Society
of Anesthesiologists’ monitors were placed. Additional moni-
toring included the use of a bispectral index and near infrared
spectroscopy (NIRS) to monitor cerebral and tissue oxygena-
tion. Anesthesia was induced by the inhalation of sevoflurane
in nitrous oxide and oxygen via her tracheostomy. A 22-gauge
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peripheral intravenous cannula was placed followed by the ad-
ministration of fentanyl (50 pg) and rocuronium (20 mg) to
provide neuromuscular blockade. Two peripheral IV cannulas
(18 gauge) and a radial arterial cannula were placed using ul-
trasound guidance. The tracheostomy was replaced with a 4.5
cuffed reinforced endotracheal tube (ETT). To allow for moni-
toring of somatosensory and motor evoked potentials, main-
tenance anesthesia included desflurane (expired concentration
2-4%) in air/oxygen and a remifentanil infusion with a bolus
dose of methadone [7]. In order to prevent fibrinolysis and lim-
it blood loss, tranexamic acid was administered (50 mg/kg fol-
lowed by an infusion at 5 mg/kg/h). Intraoperative antibiotic
therapy included cefazolin and gentamicin. A clevidipine infu-
sion was administered to maintain the mean arterial pressure
at 55 - 65 mm Hg and limit blood loss. The surgical procedure
lasted for approximately 7 h. Intraoperative fluids consisted
of 1,500 mL of Normosol-R®, 500 mL of 5% albumin, one
unit of packed red blood cells (RBCs), and 205 mL of cell
saver blood. Estimated blood loss for the procedure was 500
mL. Following completion of the surgery, the reinforced ETT
was removed and the tracheostomy replaced. The patient was
transported to the post-anesthesia care unit (PACU) and then to
the pediatric intensive care unit (PICU) for further monitoring
and recovery. Postoperative pain control was achieved with
acetaminophen every 6 h alternating with ketorolac every 6 h,
gabapentin (three times a day), valium as needed, and hydro-
morphone delivered via patient/nurse controlled anesthesia.
Postoperative prophylaxis for deep venous thrombosis (DVT)
included the use of sequential compression devices and daily
subcutaneous enoxaparin sodium. Her routine home medica-
tions were restarted postoperatively. Her postoperative course
was complicated by a multi-drug resistant urinary tract infec-
tion due to Escherichia coli, which was treated with mero-
penem. Additionally, she developed a new S, that was initially
thought to be due to fluid overload, but after a negative workup
and no improvement with diuresis therapy, was confirmed to
be a mitral click. She also required transfusion of one unit of
packed RBCs due to anemia. She was discharged home on
postoperative day 17 in stable condition and is doing well on
follow-up visits to the orthopedic clinic.

Discussion

As with any anesthetic encounter, effective perioperative care
begins with a preoperative evaluation with a medication re-
view, identification of the end-organ impact of the primary
disease process, review of associated comorbid conditions,
and a consideration of the implications of the intended surgical
procedure. In general, the anesthetic implications of Ebstein’s
anomaly include right-to-left shunting with the risk of para-
doxical emboli, pooling of blood in the right atrium, arrhyth-
mias, the potential for increased pulmonary vascular resistance
(PVR), and right ventricular dysfunction (Table 1). All of these
perioperative issues are rooted in the anatomic abnormalities
of Ebstein’s anomaly, specifically the atrialization of the RV
and the abnormal morphology of the tricuspid valve [4]. In
general, CHD with a right-to-left intracardiac shunt results in
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Table 1. Perioperative Cardiac Implications of Ebstein’s Anomaly

Risk for arrhythmias

Right-to-left shunting at the atrial level
Risk of paradoxical emboli
Shunt with hypoxemia

Pooling and recirculation of blood in the right atrium

Decreased onset of action of intravenously administered medications

Potential for increased pulmonary vascular resistance

Right ventricular dysfunction

Left ventricular dysfunction due to RV dilation with displacement of the ventricular septum with compression of the left ventricular chamber

and impairment of ventricular filling

RV: right ventricle.

the prolongation of inhalation induction, while intravenous in-
duction is faster [8, 9]. However, the unusual anatomy of Eb-
stein’s anomaly can lead to pooling and recirculation of blood
in the right atrium with the delayed delivery of medications
to the periphery and hence a delayed onset of action of intra-
venous anesthetic agents and neuromuscular blocking agents.

Right-to-left shunting may also predispose patients to
paradoxical emboli during the perioperative period and the
risk of systemic complications including stroke or brain ab-
scess [10, 11]. The potential impact of this issue is illustrated
by anecdotal case reports. Melao et al reported recurrent tran-
sient ischemic attacks in an adult with Ebstein’s anomaly and a
PFO with a history of intravenous drug abuse [10]. Computed
tomography (CT) imaging revealed several foci of ischemic
infarctions that were attributed to paradoxical emboli. Lonneb-
akken et al reported the development of a brain abscess related
to right-to-left shunting in a patient with Ebstein’s anomaly
[11]. Given these concerns, intraoperative attention should be
directed at ensuring that all intravenous infusions are free of
air and consideration given to the use of filters on intravenous
infusions to prevent the inadvertent administration of air or
particulate matter. Given the presence of right-to-left shunting,
these small volumes of air or particulate matter may not be
cleared by the pulmonary circulation. The potential for em-
boli and the degree of hypoxemia are greater with increases in
PVR which may be pre-existing or exacerbated by intraopera-
tive care (see below). Postoperatively, prophylactic measures
should be instituted to prevent the formation of deep venous
thrombi especially when prolonged bedrest is necessary [12].
In our patient, postoperative DVT prophylaxis included the
use of sequential compression devices on the lower extremi-
ties and daily subcutaneous enoxaparin sodium until she was
fully ambulatory.

Depending on the magnitude of the defect, RV function
may be compromised [13]. Preoperative echocardiography
is indicated to evaluate the degree of RV dysfunction, assess
left ventricle (LV) function, assess for the presence and sever-
ity of pulmonary hypertension, and determine the presence of
other associated CHD. Associated CHD most commonly in-
cludes an atrial septal defect (ASD), a patent ductus arteriosus
(PDA), and abnormalities of the pulmonary valve. Kumar et al
reported that 18 of 55 patients with Ebstein’s anomaly had an
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associated CHD [14]. Our patient had a history of a bicuspid
aortic valve, an aortic coarctation that has required surgical
intervention as well as valvular and sub-valvular aortic steno-
sis that was demonstrated on the preoperative echocardiogram.
Their magnitude was not such that intervention was deemed
necessary at this time.

Associated congenital heart defects may have either a
beneficial or detrimental effect on function and the patient’s
hemodynamic status. An unrepaired ASD can lead to exces-
sive right-to-left shunting and cyanosis, which is worsened by
pulmonary valve abnormalities whether it is anatomical atresia
or functional stenosis [13]. A PDA may be essential as it main-
tains pulmonary blood flow in the setting of a dysfunctional
RV with poor right ventricular output in patients with severe
Ebstein’s anomaly. During the neonatal period, prostaglandin
E (PGE) administration may be necessary to maintain patency
of the PDA and provide pulmonary blood flow until surgical
intervention.

Left heart function can also be affected by Ebstein’s anom-
aly as severe RV dilatation can impair filling and function of
the LV due to displacement of the interventricular septum
[15]. The reduction in LV filling and ejection fraction is mostly
noted in diastole as a result of the leftward displacement of
the interventricular septum. The worst outcomes due to this
phenomenon are expected in individuals with severe Ebstein’s
who have a severely malformed and atrialized RV. Once again,
these issues can be assessed during the preoperative echocar-
diogram. Our patient had normal biventricular function and no
evidence of intraventricular bowing or compromise of LV fill-
ing. If depressed function is noted, adequate preload should be
maintained and anesthetic agents with negative inotropic and
vasodilatory effects (barbiturates, propofol) should be avoided.
Etomidate may be considered for anesthetic induction given
its negligible effects on myocardial performance and hemody-
namic function [16]. Furthermore, central venous access for
the measurement of central venous pressure and the adminis-
tration of vasoactive agents as well as invasive hemodynamic
monitoring with arterial access should be considered. The
latter will allow for early identification and immediate treat-
ment of hemodynamic compromise. As demonstrated by our
patient, we have found that NIRS may be a valuable adjunct to
intraoperative monitoring [17, 18]. Using optical technology
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similar to pulse oximetry and based on the relative absorption
of infrared light by different hemoglobin species, the moni-
tor generates a measurement of regional tissue (somatic and
cerebral) oxygen saturation and therefore allows a continuous
assessment of the adequacy of cardiac output and tissue oxy-
gen delivery.

Individuals with Ebstein’s anomaly have a proportionally
higher risk of arrhythmias as a result of the abnormal anatomy
of the right heart. Various intrinsic arrhythmias such as acces-
sory AV pathways, AV nodal re-entry, and atriofasicular fibers
have been reported in patients with Ebstein’s anomaly. In addi-
tion, extrinsic arrhythmias such as atrial macro re-entry and fo-
cal atrial tachycardia may also occur [19]. Of the arrhythmias
seen in conjunction with Ebstein’s, accessory pathway (AP) is
the most common and has a higher incidence when compared
to patients with a structurally normal heart [20]. This pathway
is thought to originate from the posterior and septal area of
the atrialized RV. The abnormal pathways are often different
than individuals with AP arrhythmias and normal structural
hearts which makes curative ablations more difficult. Identify-
ing the presence of any pre-existing arrhythmias in patients
with Ebstein’s anomaly is crucial in preparation for surgery.
Standard 12-lead electrocardiograms and Holter monitoring
may be helpful in identifying preoperative arrhythmias, espe-
cially those that are asymptomatic at baseline. Initiating anti-
arrhythmic therapy and continuing it during the perioperative
period is essential.

Patients with Ebstein’s anomaly may have pre-existing
pulmonary hypertension and exacerbations or alterations may
occur intraoperatively related to the anesthetic technique or
surgical manipulation. Identifying patients with elevated PVR
or pulmonary arterial hypertension (PAH) in the preoperative
period is essential in this high risk population [21]. Intraopera-
tive anesthetic care is directed at the regulation or avoidance of
factors that modulate or increase PVR including hypoxemia,
alveolar hypoxia, metabolic acidosis, hypercarbia, and sym-
pathetic nervous system activation from inadequate analgesia
[22]. Avoidance or limitation of agents with direct negative
inotropic or vasodilatory effects such as propofol or barbitu-
rates is suggested along with careful titration of the volatile
anesthetic agents. Preoperative planning is essential with the
development of a strategy to manage an intraoperative pulmo-
nary hypertensive crisis. In such, identification of the underly-
ing cause is essential with reversal of the inciting event if dis-
covered. Other intraoperative management techniques to treat
increased PVR may include the administration of pulmonary
vasodilators including inhaled nitric oxide, phosphodiesterase
inhibitors, or prostacyclin analogues.

When planning an anesthetic technique, there must be
consideration of the implications of the intended surgical pro-
cedure. In our patient, intraoperative monitoring of motor and
somatosensory evoked potentials was planned and facilitated
by our usual practice of desflurane (expired concentration
2-4%) in air/oxygen and a remifentanil infusion preceded by
an intraoperative dose of methadone to provide postoperative
analgesia. The technique not only allows for effective neuro-
physiological monitoring, but also allows for a rapid intraop-
erative wakeup test if there are changes in neurophysiological
monitoring. A rapid emergence is also feasible with limited
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residual effects of the anesthetic agents on airway and respira-
tory function. Given the potential for blood loss, arterial access
and adequate peripheral venous access were obtained. Due to
our patient’s status and the previous history of difficulties with
vascular access, ultrasound guidance was used to facilitate
placement of arterial and peripheral venous cannulas [23].
Spinal surgery including PSF may result in significant in-
traoperative blood loss, at times in excess of an entire blood
volume. This may be exacerbated by the presence of abnor-
malities of coagulation function in patients with cyanotic CHD
[24]. Preoperative coagulation function should be evaluated
and treatment with vitamin K or blood products should be giv-
en as needed. Multiple techniques to minimize intraoperative
blood loss and allogeneic transfusions can be employed during
major orthopedic procedures including acute normovolemic
hemodilution, intraoperative blood salvage, controlled hy-
potension, and manipulation of the coagulation cascade with
antifibrinolytic agents (epsilon-aminocaproic acid, tranexamic
acid) [25]. In our clinical practice, the commonly used tech-
niques include blood pressure management, tranexamic acid
as an anti-fibrinolytic agent, and intraoperative cell salvage.
In summary, we present the perioperative considerations
of a patient with congenital Ebstein’s anomaly. Perioperative
considerations include right-to-left shunting with the poten-
tial for paradoxical emboli, pooling and recirculation of blood
in the right atrium with prolonged onset time of intravenous
medications, increased PVR and perioperative pulmonary
hypertension, right and left ventricular dysfunction, and the
potential for arrhythmias. Preoperative evaluation using echo-
cardiography and electrocardiography can help identify un-
derlying rhythm, function or structural abnormalities that may
predispose to perioperative complications. Key cardiovascular
goals include maintenance of normal sinus rhythm, adequate
preload, avoidance of significant changes in systemic vascular
resistance (SVR) or PVR, and avoidance of medications and
factors that depress myocardial function. Prompt identifica-
tion of hemodynamic instability or inadequate tissue perfusion
with appropriate correction will lead to improved outcomes.
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