
INTRODUCTION

Congenital heart disease has a reported incidence of 
approximately 0.8 per 100 births.1,2  As such, patients 
with palliated or corrected congenital heart disease 
(CHD) may present for major surgical procedures.  
Although the goal of current surgical approaches is 
to achieve an anatomic repair, prior to the current 
advances in techniques, surgical procedures frequently 
resulted only in palliation.  In such patients, appropriate 
attention to detail during the preoperative work-up, as 
well as the intraoperative and postoperative care can 
facilitate a successful perioperative course.  We present 
a patient with transposition of the great arteries (TGA) 
who had undergone a Senning procedure during infancy 
who now presents for posterior spinal fusion (PSF) in 
the treatment of kyphoscoliosis.  The perioperative 
care of such patients is discussed.

CASE REPORT

A14 year old girl with TGA, who underwent a Senning 
procedure during infancy had now presented for posterior 
spinal fusion in the treatment of kyphoscoliosis. Review 
of her medical record and presentation of the material in 
this format were approved by the Institutional Review 
Board of Nationwide Children’s Hospital, Columbus, 
Ohio. Her past history was signifi cant for D-transposition 
of the great vessels diagnosed shortly after birth.  During 
infancy, she had a Senning procedure. At 3 years of age, 
a VVI pacemaker was placed due to intermittent 3rd 
degree heart block. Although she had no other major 
medical problems, her mother stated that she was taking 
frequent afternoon naps due to fatigue and did not play 
competitive basketball this year as she could not keep 
up with her friends. Current medications included 
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sotalol 40 mg twice a day and enalapril 5 mg twice a 
day.  Preoperative evaluation revealed a well developed, 
well nourished adolescent in no acute distress.  Vital 
signs revealed an irregular rhythm with a heart rate of 
84 beats/minute, blood pressure (BP) of 104/68 mmHg, 
respiratory rate of 16 breaths/minute, and a room air 
oxygen saturation of 97%.  Physical examination was 
unremarkable.  Echocardiography revealed no evidence 
of baffl e leak or occlusion, the right ventricular cavity 
was slightly dilated with minimal compression of the left 
ventricular outfl ow tract.  There was moderate tricuspid 
regurgitation and trace mitral regurgitation.  There was 
moderate global depression of right ventricular function.  
Preoperative electrocardiograph revealed the presence of 
pacemaker spikes.  Recent Holter monitoring revealed 
that the patient was pacemaker dependent less than 5% of 
the time. Preoperative laboratory evaluation revealed a 
hemoglobin value of 14.2 gm/dL, a hematocrit of 40.8%, 
and a platelet count of 312,000/mm3. The prothrombin 
time was 13.8 seconds, the INR was 1.1, and the partial 
thromboplastin time was 33 seconds.  

A discussion with the pediatric cardiology service was 
held regarding appropriate pacemaker care during the 
surgical procedure.  They were concerned that the use 
a magnet and conversion of the pacemaker into a VOO 
mode would lead to the risk of arrhythmia induction 
related to an R on T phenomenon. Therefore, their 
recommendation was to leave the pacemaker in the 
VVI mode during the case.  Since the patient was 
pacemaker dependent less than 5% of the time, they 
were not concerned regarding cautery interference. The 
patient was kept nil per os for 6 hours.  Her morning 
doses of sotalol and enalapril were held. She transported 
to the operating room where routine monitors per 
the American Society of Anesthesiologists guidelines 
were placed. Given the patient’s anxiety, inhalational 
induction was carried out with gradual increases in 
the inspired concentration of sevofl urane in 70% 
nitrous oxide in oxygen.  When an appropriate depth 
of anesthesia was achieved, a 16G intravenous cannula 
was placed in the left forearm.  Tracheal intubation was 
facilitated with sufentanil 50 µg and a single dose of 
rocuronium 50 mg.  Antibiotic prophylaxis was done 
with cefazolin (2 gm) IV.  Following tracheal intubation, 
a second peripheral intravenous cannula, a radial arterial 
cannula, and a double lumen central venous catheter 
were placed. The baseline CVP was 10-12 mmHg.  
Maintenance anesthesia consisted of desfl urane (expired 
concentration 4%) and a sufentanil infusion adjusted to 
maintain the mean arterial pressure at 55-65 mmHg.  No 
additional doses of neuromuscular blocking agents were 
administered during the case.  Electrodes were placed for 
neurophysiologic monitoring (motor and somatosensory 

evoked potentials).  Test stimulation for motor evoked 
potentials (MEP’s) revealed that adequate potentials 
could be obtained with 450 mV without interference 
with the pacemaker.  The patient was turned prone onto a 
Jackson table for the procedure.  The pacemaker module 
was noted with the patient turned prone and appropriate 
access ensured should it be necessary to place a magnet 
on it during the case.  A magnet was kept ready on the 
anesthesia cart during the case.  The sufentanil infusion 
rate was increased to a maximum of 0.7 µg/kg/hr to 
maintain the MAP at 55-65 mmHg.  During use of the 
cautery for dissection of the paraspinous muscles, there 
was occasional interference with the pacemaker and 
loss of function; however, the patient’s HR was ≥ 60 
beats/minute throughout the case.  The duration of the 
surgical procedure was 4.5 hours.  Mixed venous oxygen 
saturation measured from the CVP cannula varied from 
65-78% during the case. Intraoperative blood loss was 
approximately 500 ml. Fluid administration included a 
total of 2200 ml of lactated Ringers solution to maintain 
the CVP at 8-12 mmHg.  Urine output during the case 
was 950 ml.  A single dose of sodium bicarbonate (50 
mEq) was administered for a base defi cit of -6.  The fi nal 
hemoglobin was 10.9 gm/dl with a hematocrit of 32%.  
Sixty minutes before the completion of the surgical 
procedure, the sufentanil infusion was discontinued and 
a total of 1 mg of hydromorphone was administered in 
increments of 0.2 mg based on the patient’s respiratory 
rate.  Upon completion of the surgical procedure, 
the desfl urane was discontinued, and the patient was 
turned supine.  She spontaneously opened her eyes and 
moved all extremities in response to painful stimuli.  
Her trachea was extubated and she was transferred to 
the post-anesthesia care unit.  Postoperative analgesia 
was provided by patient-controlled analgesia with 
hydromorphone.  Supplemental oxygen at 2 lit/min 
was administered using nasal cannula for the fi rst 24 
postoperative hours.  Her routine medications of sotalol 
and enalapril were restarted on fi rst postoperative day.  
She was transitioned to oral analgesics (hydrocodone 
with acetaminophen) on third postoperative day and 
discharged home on 4th postoperative day.  

DISCUSSION

TGA, classifi ed as a cyanotic congenital cardiac 
malformation, exists when the aorta originates from 
the right ventricle and the pulmonary trunk arises 
from the left ventricle. TGA is divided into dextro-
looped (D-TGA) and levo-looped (L-TGA) based on 
whether the atria and ventricles are concordant or 
discordant, respectively.3  Although L-TGA, also 
known as congenitally corrected transposition, is a 
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rare defect accounting for approximately 0.5% of all 
congenital cardiac malformations, D-TGA is the second 
most common congenital cardiac defect noted at birth 
affecting 1:3500-500 live births with a male:female ratio 
of 3.2:1.3  With D-TGA, a morphological right atrium 
is connected to a morphological right ventricle which 
gives rise to the aorta.  A morphological left atrium is 
connected to a morphological left ventricle which gives 
rise to the pulmonary artery.  This combination of 
concordant atrioventricular and discordant ventriculo-
arterial connections creates two parallel circulation 
systems in which oxygenated blood recirculates 
within the pulmonary circuit via the left ventricle and 
pulmonary trunk while deoxygenated systemic blood 
recirculates to the body via the right ventricle and aorta.3  
As compared to a physiologically normal circulation 
system that exists in series, the parallel circuits that are 
present with D-TGA result in systemic cyanosis.  

Postnatal survival of an infant with D-TGA is dependent 
on the presence of intracardiac mixing of blood via 
an atrial septal defect (ASD), a patent foramen ovale 
(PFO), or a ventricular septal defect (VSD).3 Infants 
with intact atrial and ventricular septa are cyanotic 
at birth and rapidly decompensate due to inadequate 
mixing of the blood from the two parallel circulations.  
Palliative treatment with immediate balloon or surgical 
septostomy is necessary to increase mixing of blood at 
the atrial level.3  Prostaglandin E infusions may be used 
as an adjunctive therapy to maintain ductal patency, 
thereby increasing the left-to-right shunting of blood 
across the ductus arteriosus.3  The increased blood from 
the aorta across the ductus arteriosus to the pulmonary 
artery increases the fl ow of blood across the lungs into 
the left atrium.  The increased left atrial return increases 
left atrial pressure, thereby facilitating the mixing of 
blood at the atrial level.  Neonates with D-TGA and an 
associated ASD or VSD may be only mildly cyanotic at 
birth.  Symptoms may be overlooked until 2-6 weeks of 
age, at which time changes in the pulmonary vascular 
resistance occur, resulting in the development of 
congestive heart failure.3 Initially, peripheral vascular 
resistance (PVR) is greater than, or equivalent to the 
systemic vascular resistance, allowing partial mixing 
of blood between the parallel systemic and pulmonary 
circuits via the ASD or VSD.  As PVR falls, the balance 
is disturbed thereby allowing increased shunting from 
the systemic to the pulmonary circuit resulting in 
pulmonary congestion and congestive heart failure.  At 
that time, the infants often present with tachypnea, 
tachycardia, and mild systemic cyanosis.3

The Senning operation for TGA was fi rst reported by 
Senning in 1959, with later work by Quaegebeur in 
the late 1970’s.4,5  It became the operation of choice for 

surgical repair of TGA during this time period.  The 
Senning procedure uses a ‘baffl e’ between the atria 
resulting in the redirection of deoxygenated vena caval 
blood through the mitral valve to the morphological 
LV and pulmonary arteries and oxygenated pulmonary 
venous blood through the tricuspid valve into the 
morphological RV and aorta.6,7 The ‘baffl e’ created 
in the Senning procedure is derived from autologous 
atrial tissue that is cut and folded in a complex manner 
to allow for the redirection of blood fl ow.7  Because of 
the technical diffi culty associated with the formation 
of the Senning ‘baffl e’, this procedure was not widely 
embraced.  In 1964, Mustard simplifi ed the procedure by 
excising the atrial septum and placing a ‘single, synthetic 
pantaloon-shaped patch’ between the atria to create the 
‘baffl e’, again redirecting the blood fl ow in the same 
manner as the Senning procedure.7  However, neither 
the Senning nor the Mustard procedures were without 
long term complications. Overall, the survival rate for 
patients following hospital discharge was 84-95% at 
10 years and 76-89% at 15-20 years, with an actuarial 
decline in survival of approximately 0.5% per year.8 

Sinus node dysfunction is one of the most common late 
complications after atrial-level repair with only 40% of 
patients remaining in sinus rhythm 15-20 years post-
surgery.6,7  The suspected etiology of this complication 
is either damage to the sinus node artery during surgery 
or the progressive development of  fi brosis at the 
atrial surgical scar lines.6  A junctional escape rhythm 
is common in patients with sinus node dysfunction 
thereby limiting the normal increase in heart rate 
that is seen during activity.6  As a result, patients 
are at increased risk for the development of atrial 
arrhythmias and sudden cardiac death.  Nearly 50% of 
post-surgical deaths are sudden and likely related to the 
abrupt onset of polymorphic ventricular tachycardia/
fi brillation(VT/VF)6,8,9  

The management of sinus node dysfunction and atrial 
arrhythmias can be challenging. Both pacemaker 
placement and radiofrequency ablation can be technically 
diffi cult as a result of altered anatomy and development 
of atrial scar tissue, while anti-arrhythmic medications 
can precipitate complete heart block.7 Implantation of a 
pacemaker is recommended for children with advanced 
second-degree heart block or complete atrioventricular 
block, patients with sick sinus syndrome who are 
symptomatic or have functional limitations, and those 
with tachy-bradycardia syndromes with recurrent 
events despite antiarrhythmic medications.10,11  
Symptomatic patients and those with a documented 
history of atrial fi brillation/fl utter should undergo 
electrophysiologic studies for inducible VT/VF with 
placement of an implantable cardioverter-defi brillotor 
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(ICD) in those that have a positive EP study.9   

Right ventricular dysfunction is another well-
recognized, late complication associated with the 
Senning or Mustard atrial-repair, as the morphologic 
RV serves as the systemic ventricle.  The etiology 
of RV dysfunction is not known; however there are 
several postulated theories.  The triangular shape of 
the RV, in comparison to the bullet-shaped LV, may 
render the RV inadequate to sustain the systemic 
workload.6  The orientation of the myocardial fi bers 
may also contribute to RV dysfunction.  The RV 
endocardial and epicardial fi bers are oriented in an 
oblique manner to the direction of blood fl ow resulting 
in a peristaltic motion with contraction; as compared 
to the LV, in which endocardial and epicardial fi bers 
are perpendicularly oriented with a zone of circular 
myocytes in between resulting in a wringing motion 
with contraction.12,13  This differentiation in myocyte 
orientation and contractile motion normally allows the 
LV to function against high-resistance systems.13

Distention of the RV with progressive dysfunction 
and annular dilation may be one contributing factor 
towards development of RV dysfunction; however, 
tricuspid regurgitation may precipitate it as well.7  
Under high-pressure from the systemic circulation, the 
septal wall of the RV bows toward the low-pressure LV 
thereby pulling the septal leafl et of the tricuspid valve.6  
Thus, coaptation of the valve leafl ets is lost and the 
valve becomes incompetent.  

Pulmonary hypertension can be another late 
complication of atrial-level repair with an incidence 
reported at 7% in those patients surviving to 
adulthood.6,7  The presence of a ventricular septal defect 
and D-TGA repair after 1 year of age are risk-factors for 
the development of pulmonary hypertension.6  Signs 
and symptoms of pulmonary hypertension often do not 
appear until adulthood, a result of the LV’s capacity to 
function against a high-resistance system.6,7  Given the 
signifi cant perioperative risk imposed by pulmonary 
hypertension, its identifi cation is key to successful 
perioperatve management.  The specifi c perioperative 
concerns related to pulmonary hypertension have been 
extensively reviewed elsewhere.14,15

As noted above, patients may develop several 
late complications from the Senning and Mustard 
procedures.  With current cardiology care, many of 
these patients are living into the 2nd and 3rd decade of 
life.  As such, there are an increasing number of patients 
who may require anesthetic care during various types of 
surgical procedures. Given the complex nature of these 
patients and the potential for co-morbidities related to 
the primary defect or acquired during life, a thorough 

preoperative evaluation is necessary to ensure the safe 
perioperative care of such patients.  The 3 major issues 
related to the anatomy of the Mustard or Senning 
procedure which should be addressed preoperatively 
include: 1) an evaluation of myocardial function given 
that the systemic ventricle is the right ventricle, 2) an 
evaluation for the presence of pulmonary hypertension, 
and 3) an evaluation of the baffl e for obstruction or leaks.  
Initial evaluation of these patients should begin with 
a complete cardiac history, specifi cally questioning on 
exercise capacity or intolerance, orthopnea or paroxysmal 
nocturnal dyspnea, the presence of palpitations, a 
documented history of arrhythmia, and prior syncopal 
events.6 On physical examination, the precordium will 
be hyperdynamic owing to the systemic workload of the 
right ventricle. A holosystolic murmur is indicative of 
systemic atrioventricular valve regurgitation or residual 
VSD, while the presence of a systolic ejection murmur 
may indicate subpulmonary stenosis.  

Common post-atrial repair ECG fi ndings include sinus 
bradycardia or a junctional rhythm, evidence of single 
or dual-chamber pacing, and signs of right ventricular 
hypertrophy.  RVH can be identifi ed on ECG by the 
presence of right-axis deviation, large R-waves in leads 
V

1
 and AVR, and evidence of right atrial enlargement.  

ST-segment depression and T-wave inversion in the 
right precordial leads may be indicative of severe 
RVH.6,7  If available, prior Holter monitor recordings 
should be evaluated for paroxysmal atrial fi brillation/
fl utter, frequent supraventricular extrasystoles, 
junctional escape rhythm at rest, or episodes of non-
sustained ventricular tachycardia.  

In those patients with a pacemaker or ICD in place, 
additional perioperative management and evaluation 
is required in order to prevent device-related adverse 
events, e.g. damage to the device or leads, device failure, 
alterations in pacing behavior, inappropriate delivery 
of a defi brillatory shock, and inadvertent conversion 
to backup pacing modes.16,17 Electromagnetic 
interference (EMI) is the most commonly encountered 
problem intraoperatively and can occur as a result of 
electrocautery use, nerve stimulators, evoked potential 
monitors, fasciculations, shivering, large tidal volumes, 
external defi brillation, magnetic resonance imaging, 
radiofrequency ablation, extracorporeal shock wave 
lithotripsy, and electroconvulsive therapy.16,17  Current 
perioperative guidelines on cardiac rhythm management 
devices established by the American Society of 
Anesthesiologists (ASA) are outlined in reference 16. 
Generally, in pacemaker-dependent patients, the device 
will be reprogrammed to an asynchronous mode during 
the perioperative period, and the anti-tachyarrhythmia 
function of an ICD will be disabled.  
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In our patient, after a discussion with the pediatric 
cardiology service, it was decided to leave the pacemaker 
in the VVI mode during the case.  Since the patient was 
pacemaker dependent less than 5% of the time, there was 
a limited concern that EMI interference would result 
in profound bradycardia or no cardiac output.  The 
concern with the use of a magnet and conversion of the 
pacemaker into a VOO mode was the risk of arrhythmia 
induction related to an R on T phenomenon.  However, 
we made sure that after positioning we had access to 
the pacemaker and a magnet in the room in the event 
that its use became necessary.  The other aspect of our 
case that was unique was the use of neurophysiologic 
monitoring including both somatosensory and motor 
evoked potentials (see below).  As these involve electrical 
stimulation, we ran several test runs prior to turning 
the patient prone to verify that we could elicit the 
needed responses at a low stimulus threshold without 
interfering with pacemaker function.

Perhaps the most important aspect of the preoperative 
evaluation in a TGA patient status-post atrial switch 
is assessment of the systemic ventricular function.  
Echocardiography, either by transthoracic or 
transesophageal route, plays an essential role in the 
assessment of right ventricular structure, function, and 
physiology.  If the patient’s body habitus is amenable, 
transthoracic echocardiography (TTE) should be 
employed to evaluate for myocardial perfusion defects, 
uncoordinated myocardial contraction, tricuspid valve 
regurgitation, and the presence of an atrial baffl e leak, 
all of which can contribute to RV failure.18  Hoffman et 
al demonstrated that the use of subcostal TTE imaging 
planes, instead of standard apical planes, allowed for the 
simultaneous assessment of the RV infl ow and outfl ow 
tracts, as well as right ventricular function.19 When 
comparing RV performance during cardiopulmonary 
exercise and dobutamine stress testing, Li et al found that 
exercise capacity correlated with systemic ventricle free 
wall excursion at rest and during dobutamine stress.20 
Depressed RV function and exercise capacity may be 
the result of inducible ischemia, RV hypertrophy with 
increased myocardial oxygen demand or an inability 
to increase stroke volume as a result of fi xed preload 
created by the resistance of the intra-atrial baffl e.20,21  

The use of cardiac MRI has signifi cantly reduced the 
need for TEE or cardiac catheterization.  Gadolinium-
enhanced MRI can be used to assess systemic right 
ventricle function and evaluate areas of abnormal 
myocardium.22  The presence of abnormal myocardial 
regions on MRI correlates with markers of adverse 
outcomes including RV dysfunction, poor exercise 
tolerance, presence of arrhythmias, and clinical 
deterioration over time. B-type natriuretic peptide 

(BNP) belongs to a family of peptide hormones that 
are involved in the homeostasis of intravascular volume 
status, vascular resistance, and myocardial function.  
BNP is produced in the cardiac myocytes, is released into 
the circulation as a result of increased ventricular wall 
stress, and causes natriuresis and vasodilation to counter 
the effects of the rennin-angiotensin-aldosterone system 
(RAAS).23-25  BNP levels may also serve as a biomarker 
of disease severity with prognostic applicability in CHD 
patients.  A stepwise increase in BNP has been shown to 
correlate with increasing disease severity and decreasing 
systemic ventricular function, such that a BNP value 
> 78 pg/mL had a high predictive accuracy in terms 
of overall mortality.26 BNP levels as an indicator for 
disease severity may also be applicable in the prediction 
of outcomes for patients with pulmonary hypertension.  
Bernus et al found that changes in BNP over time 
correlated inversely with cardiac index and positively 
with mean RAP, mean pulmonary artery pressure, 
PCWP, and pulmonary vascular resistance index.27

In addition to the evaluation of RV function, it is also 
important to evaluate these patients for the presence 
of pulmonary hypertension (PH) preoperatively.  The 
most common presenting symptoms of PH include 
dyspnea on exertion, fatigue, chest pain, syncope, 
palpitations and lower extremity edema.28,29 A right 
heart catheterization (RHC), which is the gold standard 
for evaluation of pulmonary hypertension, should 
be considered.  Several studies have demonstrated 
that children with PH have a signifi cant risk of 
perioperative cardiac complications including cardiac 
arrest, pulmonary hypertensive crisis, and death.30,31  
The perioperative management of patients with PH 
can be challenging.  Patients on chronic therapy for PH 
including intravenous prostacyclins (epoprostenol and 
trepostinil), phosphodiesterase inhibitors (sildenafi l), 
endothelin antagonists (bosentan), and inhaled 
prostacyclin analogs (iloprost) should be continued 
on these medications throughout the perioperative 
period.30,31  Intraoperatively, hypercarbia, alveolar 
hypoxia, systemic hypoxemia, metabolic acidosis, and 
noxious stimuli, such as pain or airway instrumentation, 
can trigger a rapid rise in PVR, and even a pulmonary 
hypertensive crisis.33  Ventilation strategies to minimize 
pulmonary hypertensive triggers should be employed 
and include the use of high oxygen concentrations, low 
tidal volumes (6 mL/kg predicted body weight), a slightly 
elevated respiratory rate to allow for mild hypocarbia, 
and optimal levels of positive end-expiratory pressure 
(5-10 cmH

2
O) to reduce the degree of atelectasis and 

maintain functional residual capacity.  The medications 
used to induce and maintain anesthesia intraoperatively 
can also infl uence PVR and the management of PH.  
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The volatile agents attenuate hypoxic pulmonary 
vasoconstriction thereby increasing ventilation-
perfusion mismatching.  Isofl urane and sevofl urane are 
associated with pulmonary vasodilation and are generally 
accepted as safe anesthetic components in patients with 
PH.  Furthermore, the use of benzodiazepines, opioids, 
nitrous oxide, etomidate, neuromuscular bocking agents, 
and propofol are regarded as safe for use in patients with 
pulmonary hypertension, as they have little to no effect 
on PVR. Moderate hyperventilation with 100% oxygen, 
along with the initiation of inhaled nitric oxide (iNO), 
are the fi rst line of treatments for intraoperative PH.32-35

Senning and Mustard repair patients with both 
pulmonary hypertension and RV dysfunction may 
benefi t from the perioperative use of milrinone.  In 
patients who have tricuspid regurgitation (TR), 
in addition to RV dysfunction, milrinone reduces 
SVR while maintaining a normal-high heart rate.  
Perioperatively, the impact of medications with negative 
inotropic properties including volatile anesthetic agents 
and β-adrenergic antagonists should be considered.36,37  

In the prone position, there is an increase in CVP, a 
decrease in left ventricular end-diastolic diameter, and no 
overall change in systolic function.38  As such, in patients 
with poor RV function undergoing surgery in the 
prone position, in which volume management is crucial 
for hemodynamic stability, the use of intraoperative 
TEE and CVP monitoring, continuous mixed-venous 
oxygen saturation (SvO

2
) may be used as an indicator 

of cardiac output and oxygen consumption.39,40  The 
use of continuous SvO

2
 monitoring can also serve as 

a guide to fl uid and inotropic management with the 
demonstration that SvO

2
-guided therapy may reduce 

both hospital stay and postoperative complications.41,43 

Intraoperative hemodynamic management may also be 
signifi cantly affected by the patient’s routine perioperative 
medications, more specifi cally angiotensin-converting 
enzyme inhibitors (ACE-I’s) and angiotensin-receptor 
blockers (ARB’s). These medications antagonize the 
renin-angiotensin-aldosterone system (RAAS) resulting 
in direct sympathetic blockade, increased bioavailability 
of intrinsic vasodilators, inhibition of angiotensin II, 
and reduced secretion of aldosterone and antidiuretic 
hormone.44  The clinical signifi cance, particularly 
related to anesthetic management, is the inhibition of 
angiotensin II, which normally functions as a potent 
vasoconstrictor and stimulus for arginine-vasopressin 
release; two substances which oppose the hypotensive 
effects of anesthetic agents.45  As a result, patients 
treated with ACE-I’s and ARB’s in the perioperative 
setting are at higher risk of developing clinically 
signifi cant hypotension after anesthetic induction.46-48 

Successful treatment of RAAS antagonist hypotension 
requires adequate intravascular volume replacement and 
potentially the use of vasopressin as the hypotension 
may be unresponsive to adrenergic agonists such as 
phenylephrine.46-48  Although there remains limited 
consensus on the continuation or withdrawal of 
RAAS antagonists perioperatively, several studies 
have demonstrated an increased risk of refractory 
hypotension when ACE-I’s and ARB’s are administered 
on the morning of surgery.49,50  As such, the authors of 
these studies, as well as several institutions, recommend 
that patients on chronic ACE-I and ARB therapy 
receive their last dose of medication on the day before 
surgery.  Given these concerns, our patient’s usual 
dose of enalapril was not administered the morning 
of surgery and vasopressin was readily available in the 
operating room in the event of hypotension.

Prior to the initiation of surgery, it is also important 
to determine if the patient should receive bacterial 
endocarditis (SBE) prophylaxis.51  National Surgical 
Infection Prevention Project (NSIPP) and Centers for 
Disease Control (CDC) recommend the administration of 
prophylactic antibiotics to reduce the risk of surgical site 
infection.52  The use of intraoperative neuromonitoring, 
including somatosensory-evoked potentials (SSEP’s) and 
motor-evoked potentials (MEP’s), can further impact 
the anesthetic management of patients undergoing PSF.  
Because the blood supply to the spinal cord comes from 
two separate supplies (the anterior and posterior spinal 
arteries), MEP monitoring is used to assess the anterior 
spinal cord for injury while SSEP monitoring is used to 
assess the dorsal spinal columns.53,54  In general, MEP’s 
are more sensitive to anesthetic agents than SSEP’s with 
longer pathways being the most sensitive. Therefore, 
the most diffi cult signals to attain are lower extremity 
MEP’s.53-57  Our usual practice as demonstrated by this 
patient is to use a single dose of an intermediate acting 
neuromuscular blocking agent to facilitate tracheal 
intubation and then allow for spontaneous recovery to 
permit MEP monitoring.  Our intraoperative anesthetic 
regimen included 0.5 MAC desfl urane and a sufentanil 
infusion. 

Lastly, methods to reduce intraoperative blood loss, 
and in turn, complications associated with large volume 
blood loss and allogeneic blood transfusions should be 
addressed.  The transfusion of allogeneic blood products 
is not without risk; the potential for transmission of 
infectious diseases, immunosuppression, transfusion-
related acute lung injury, transfusion reactions, graft-
versus-host disease, and increased risk of nosocomial 
infections and pneumonia have all been recognized as 
adverse events.58-62  
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Several techniques exist to both minimize the amount of 
blood loss and limit the need for allogeneic transfusions, 
and they include autologous transfusion therapy; 
intraoperative blood salvage; pharmacologic manipulation 
of the coagulation cascade utilizing epsilon-aminocaproic 
acid, tranexamic acid, desmopressin (DDAVP), or 
recombinant factor VIIa; and controlled hypotension.58,63  
Proper patient positioning, especially when prone, to 
minimize impedance of venous return due to pressure 
on the abdomen, and maintenance of normothermia can 
further help to reduce blood loss.64 Given our patient’s 
stable hemodynamic status preoperatively, we chose 
to use sufentanil in doses as high as 0.5 µg/kg/min to 
maintain a MAP at 55-65 mmHg.

In summary, we present the perioperative considerations 
in caring for a patient with TGA who had undergone a 
Senning procedure during PSF.  Perioperative concerns 
include not only those related to the primary cardiac 
lesion, but also those related to the surgical procedure 
and intraoperative neurophysiologic monitoring.  
Cardiac and hemodynamic concerns of these patients 
include the potential for RV dysfunction, baffl e leaks or 
obstruction, the presence of pulmonary hypertension, 
and sinus node dysfunction with arrhythmias.  The 
latter may necessitate placement of a pacemaker or 
ICD device. Depending on the patient’s cardiac status, 
the impact of anesthetic agents on myocardial function, 
sinus node function, and PVR should be considered.  
Additional concerns include those related to PSF 
including blood conservation techniques and the need 
for neurophysiologic monitoring.
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