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Abstract

The Fontan operation remains a common palliative surgical ap-
proach for complex cardiac malformations characterized by single 
ventricle anatomy. Given improvements in surgical technique and 
perioperative care, these patients are now living into the second 
decade of life and beyond. As such, they may require additional 
surgical procedures to address other co-morbid conditions. We 
present a 12-year-old girl presenting for posterior spinal fusion 
for the treatment of scoliosis. She had been born with hypoplas-
tic left heart syndrome and had subsequently undergone successful 
conversion to Fontan physiology. The authors describe the periop-
erative preparation and anesthetic management of the patient with 
Fontan anatomy.
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Introduction

The Fontan operation was first performed in 1971 for the 
surgical repair of tricuspid atresia. Since then, the procedure 

has been used to correct various complex congenital cardiac 
malformations characterized by single ventricle physiology. 
The procedure connects vena caval blood directly to the pul-
monary arteries (PAs) allowing the systemic venous blood to 
flow directly into the lungs. This allows the single ventricle 
to pump blood in series to both circulations, thereby alle-
viating chronic volume overload. Following the procedure, 
cardiac output (CO) is dependent not only on the function of 
the single ventricle, but also on a low pulmonary vascular 
resistance (PVR) to allow for passive pulmonary blood flow 
(PBF). We present a 12-year-old girl with Fontan anatomy 
who presented for posterior spinal fusion (PSF).

 
Case Report

IRB approval is not required for single-patient case reports at 
Nationwide Children’s Hospital. The patient was a 12-year-
old, 44.5 kg adolescent who was born with hypoplastic left 
heart syndrome (HLHS). She had undergone successful 
stage 1 and 2 palliation resulting in Fontan physiology. As 
the curve was progressing, the decision was made to proceed 
with surgical correction. During preoperative cardiac cath-
eterization, three stents were placed (two in the left PA and 
one in the Glenn shunt) and the intra-atrial fenestration was 
closed. Echocardiogram 3 weeks prior to surgery showed 
normal RV function. Her medication regimen included enal-
april 2.5 mg twice a day, amitriptyline 2.5 mg at bedtime and 
aspirin 81 mg every day. Aspirin was discontinued 7 days 
prior to surgery. Laboratory evaluation 2 weeks prior to the 
procedure showed a hemoglobin of 14.8 g/dL, a hematocrit 
of 42.5% and a platelet count of 190,000/mm3. Coagulation 
studies were within normal limits. The patient arrived to the 
preoperative area from home on the morning of surgery with 
a room-air oxygen saturation of 97%. She had been nil per 
os for 6 h except for her usual morning dose of enalapril. 
Following the administration of 50% nitrous oxide in oxy-
gen for 3 min, a 16-gauge intravenous cannula was placed. 
Anesthetic induction included etomidate (0.2 mg/kg), lido-
caine (1 mg/kg) and fentanyl (2 µg/kg). Endotracheal intu-
bation was facilitated by rocuronium (0.5 mg/kg). A second 
16 intravenous cannula and a 20-gauge radial arterial can-
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nula were placed. Using ultrasound guidance, a 4 French, 
12-cm double-lumen catheter was placed in the right internal 
jugular vein. Additional monitoring included near infrared 
spectroscopy (NIRS) to monitor cerebral oxygenation and 
systemic oxygenation (deltoid muscle). Initial NIRS values 
varied from 65% to 80% in both sites. Anesthesia was main-
tained with desflurane to maintain the bispectral index at 50 
- 60, a remifentanil infusion (0.05 - 0.2 µg/kg/min) titrated 
to maintain hemodynamic stability, and a dexmedetomidine 
infusion (0.2 µg/kg/h) without a bolus dose. Neurophysi-
ological monitors were placed for intraoperative monitoring 
of motor and somatosensory evoked potentials. The patient 
was positioned prone and a forced air-warming blanket was 
placed. Prior to skin incision, cefazolin was administered for 
surgical prophylaxis. Tranexamic acid was administered (bo-
lus dose of 50 mg/kg followed by an infusion of 5 mg/kg/h).  
Prior to the start of the surgical procedure, 500 mL of 5% 
albumin was administered to replace the fluid deficit and in-
creased intravascular volume, and a milrinone infusion was 
started at 0.25 µg/kg/min. Initial arterial blood gas analysis 
was unremarkable with a venous saturation (blood obtained 
from the central venous catheter) of 70%. Approximately 2 
h into the case, there was moderate hypotension with a mean 
arterial pressure (MAP) of 50 - 52 mm Hg instead of the 
goal MAP of 55 - 65 mm Hg. The hematocrit at that time 
was 28% and one unit of packed red blood cells was admin-
istered with the goal of maintaining the hematocrit ≥ 30%. 
An additional 250 mL of 5% albumin was also administered. 
The duration of the surgical procedure was 140 min. Prior 
to completion of the surgical procedure, acetaminophen (15 
mg/kg) and hydromorphone (0.01 mg/kg) were administered 
for postoperative analgesia. Ondansetron (0.15 mg/kg) was 
administered to prevent postoperative nausea and vomiting. 
The remifentanil infusion and desflurane were discontinued 
and the patient was turned to the supine position. The dex-
medetomidine and milrinone infusions were continued. The 
patient’s trachea was extubated in the operating room and she 
was transported to the cardiac intensive care unit. Total blood 
loss was estimated at 800 mL. Total fluids included 1,200 
mL of isotonic crystalloid, 750 mL of 5% albumin, 193 mL 
of donor PRBCs and 250 mL of intraoperative cell salvage. 
Postoperative analgesia was provided by patient-controlled 
analgesia with hydromorphone. Intravenous acetaminophen 
was administered every 6 h for the initial 48 postoperative 
hours. The milrinone and dexmedetomidine infusions were 
continued until the next morning when her home medication 
regimen was resumed. Hemoglobin and hematocrit reached 
a postoperative low of 10.9 g/dL and 31.5% respectively on 
postoperative day 1. The patient was transferred to the inpa-
tient floor on postoperative day 1 and discharged to home on 
postoperative day 5. On follow-up with the orthopedic ser-
vice at 3 months, the patient was noted to have intact neuro-
logic and vascular function. Radiographic imaging revealed 
correction of the scoliosis to 24° with intact instrumentation.

Discussion
  
The Fontan procedure has undergone several modifications 
and has been applied to a variety of complex cardiac mal-
formations characterized by a single functional ventricle in-
cluding HLHS. By connecting the venous return from the 
superior and inferior vena cava directly to the pulmonary 
arteries, the Fontan circulation allows the single ventricle to 
pump blood in series to the systemic and pulmonary circula-
tions thereby alleviating chronic volume overload. The Fon-
tan operation is currently divided into two separate surgical 
stages. The first stage, known as a bidirectional Glenn shunt 
or the hemi-Fontan, connects the SVC to the PA. During the 
second stage with the connection of the IVC to the PA, the 
Fontan circulation is completed [1].

Scoliosis has been reported to have an increased inci-
dence following either sternotomy or thoracotomy [2]. When 
patients with Fontan anatomy require surgical intervention, 
the perioperative care is impacted by the primary type of 
CHD as well as the anesthetic implications of the surgical 
procedure. Given the complex nature of our patient’s CHD, 
close collaboration with our pediatric cardiology colleagues 
was required. This included not only echocardiography, but 
also cardiac catheterization with electrophysiology evalua-
tion. During these investigations, interventions (stent place-
ment and closure of the intra-atrial fenestration) were de-
termined. The latter intervention was chosen to prevent a 
paradoxical embolism during a surgical procedure in which 
venous air embolism may occur. The preoperative evaluation 
of our patient revealed normal RV function and normal PVR, 
two of the components necessary for successful function of 
the Fontan circulation [3].

PSF may result in significant intraoperative blood loss, 
at times in excess of an entire blood volume. This may be 
exacerbated by the presence of abnormalities of coagulation 
function in patients with cyanotic CHD [4]. Preoperative co-
agulation function should be evaluated and treatment with 
vitamin K or blood products instituted as needed. Multiple 
techniques to minimize intraoperative blood loss and allo-
geneic transfusions can be employed during major orthope-
dic procedures including autologous blood donation, acute 
normovolemic hemodilution, intraoperative blood salvage, 
controlled hypotension, and manipulation of the coagulation 
cascade with DDAVP, anti-fibrinolytic agents (epsilon-ami-
nocaproic acid, tranexamic acid and aprotinin) or recombi-
nant factor VIIa [5]. In our clinical practice, the commonly-
used techniques include controlled hypotension, tranexamic 
acid as an anti-fibrinolytic agent and intraoperative cell sal-
vage. Given the concerns regarding cardiac function during 
periods of controlled hypotension, tissue oxygenation with 
near infrared spectroscopy was employed to ensure adequate 
cardiac output intraoperatively [6]. The placement of a CVP 
allowed for monitoring of lactate and venous oxygen satura-
tion intraoperatively [7].
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Patients remain at risk for thromboembolic events after 
the Fontan procedure with thromboembolic events being the 
second leading cause of late death [8]. As such the majority 
of patients receive some time of chronic prophylaxis with 
either coumadin or aspirin. Given the limited evidence-based 
medicine regarding the risk-benefit ratio of stopping aspirin 
therapy for more than 7 days, our pediatric cardiologists con-
tinue to recommend its administration up to that time [9].

To reduce afterload and minimize RV strain our patient 
was chronically receiving enalapril. Severe hypotension re-
fractory to adrenergic agonists under general anesthesia can 
be associated with inhibition of the angiotensin converting 
enzyme (ACE) pathway. This effect can be magnified by on-

going intraoperative blood loss. Hypotension refractory to 
adrenergic agents may be responsive to vasopressin therapy 
[10]. Patients that continue their ACE inhibitors may have 
a lower incidence of hypertension in the postoperative pe-
riod which would help limit strain on the RV in the Fontan 
physiology and improve cardiac output. These risks must be 
assessed by the individual provider and careful assessment 
of the patient’s cardiac status should be taken into account 
when deciding whether to continue ACE inhibitors in the 
perioperative period.

The general goals of intraoperative care include blunting 
of the surgical stress response and obtaining an acceptable 
plane of anesthesia while allowing for early tracheal extuba-

Reference number Outcome

[15] 14-year-old boy with Fontan physiology undergoing PSF. Preoperative testing included 
a trial of anesthetized positive pressure ventilation and position changes without 
surgical intervention. TIVA to facilitate neurophysiological monitoring. Intraoperative 
monitoring included arterial cannula, CVP and TEE. Significant hypotension associated 
with decreased ventricular filling on TEE with no change in CVP. EBL was 1,200 mL. 
Allogeneic blood transfusion was minimized by using autologous blood donation and 
intraoperative blood salvage.

[16] 15-year-old boy with Fontan physiology. EBL in excess of 3.5 L, requiring significant 
intraoperative resuscitation with blood and blood products. This report highlights the 
potential for significant blood loss in these patients and discusses options to limit this 
complication. 

[17] Retrospective cohort of seven patients with Fontan physiology for PSF. Average blood 
loss was 2,942 mL (range: 1,100 - 7,500). Swan-Ganz catheters were used for monitoring. 
Complication rate of 85.7% including superior mesenteric artery syndrome, acute renal 
tubular necrosis, pleural effusion requiring chest tube placement, urinary tract infection, 
Horner syndrome, and a late case of paralysis at 48 h.

[18] Two adolescents with Fontan physiology. One patient had a pacemaker prohibiting using 
of motor evoked potentials. The patient experienced ventricular fibrillation requiring 
cardiopulmonary resuscitation during a wake-up test. The authors theorized that the 
wake-up test may constitute an increase in cardiac work load that may prove intolerable 
to patients with palliated congenital heart disease. 

[19] Reported the use of TEE to titrate intraoperative dopamine and epinephrine infusions. 
Suggested the use of TEE in addition to standard monitors.

[20] Retrospective analysis of eight patients with Fontan physiology for PSF. Average EBL 
was 1,520 mL. Although all of the patients required intraoperative blood transfusion, 62% 
avoided allogeneic products through autologous donation. Postoperative complications 
occurred in three patients including one death related to hypovolemic shock refractory 
to treatment and two patients with pleural effusions requiring chest tube placement. The 
authors stressed the need for a multi-disciplinary team, a thorough evaluation of the 
patient’s cardiac status and a low threshold for TEE.

Table 1. Perioperative Care of the Patient With Fontan Anatomy During Posterior Spinal Fusion

PSF: posterior spinal fusion; TIVA: total intravenous anesthesia; CVP: central venous pressure; TEE: trans-esophageal 
echocardiography; EBL: estimated blood loss.
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tion with minimal effects on PVR. Key to the intraoperative 
care is avoidance of agents with significant negative inotro-
pic effects. Given these concerns, we chose an intravenous 
induction using a combination of etomidate and fentanyl. 
Etomidate has been shown in multiple studies to have stable 
hemodynamic properties in both adult and pediatric patients 
[11]. The adrenal suppressive effects of etomidate due to 
its inhibition of 11-β hydroxylase are well known although 
the perioperative implications of this effect have not been 
clearly demonstrated [12, 13]. Regardless of the technique 
being used, skilled airway management during anesthetic 
induction remains more important than the technique itself 
[14]. Following anesthetic induction and endotracheal in-
tubation, the anesthetic is tailored to blunt the sympathetic 
stress response, control PVR and provide amnesia and anal-
gesia while allowing for early tracheal intubation. We chose 
a technique that incorporated the synthetic opioid, remifent-
anil, desflurane and dexmedetomidine. This would not only 
provide adequate intraoperative anesthesia, but also blunt 
the sympathetic stress response and allow for early tracheal 
extubation. Furthermore, the use of this regimen provides 
for rapid awakening such changes be noted on neurophysi-
ological monitoring and a wake-up test be requested.

During the postoperative period, the management fo-
cuses on maintaining adequate myocardial function of the 
single ventricle and preventing increases in PVR [14].  Gen-
eral management to maintain to avoid changes in PVR in-
cludes maintaining normothermia, normocarbia, normoxia 
and a normal pH. Additionally, adequate control of pain 
while limiting the deleterious effects of opioids on ventila-
tor function is required. Phosphodiesterase inhibitors such 
as milrinone, which was used in our patient, may not only 
improve myocardial performance, but also serve to dilate the 
pulmonary vascular bed. If these measures fail to adequately 
control PVR, the addition of inhaled nitric oxide (NO) may 
be considered.

Pain-free, spontaneous ventilation generates a negative 
interpleural pressure thereby enhancing hemodynamic per-
formance with Fontan physiology. Inappropriate or early tra-
cheal extubation may lead to hypoventilation and associated 
hypercarbia, hypoxemia and atelectasis, all of which can 
lead to an increase in PVR. Opioids and benzodiazepines 
may cause respiratory depression making early tracheal ex-
tubation difficult in post-Fontan patients. Dexmedetomidine, 
a highly selective α2-adrenergic receptor agonist, has been 
shown to offer advantages over commonly-used regimens 
including opioids and benzodiazepines. Furthermore, ad-
junctive agents including acetaminophen or non-steroidal 
anti-inflammatory agents should be incorporated into the 
postoperative analgesic regimen, given their opioid sparing 
effects.

Previous authors have reported anecdotal experiences 
with the perioperative care of this population during PSF 
(Table 1) [15-20]. The Fontan operation, while provid-

ing a corrective procedure for complex cardiac malforma-
tions characterized by single ventricle anatomy, leaves the 
patient’s CO dependent on passive PBF. Therefore, careful 
perioperative management centered on maintaining a pas-
sive PBF by keeping the PVR low and preload high is critical 
to maintaining adequate cardiac output in these patients.  The 
effective care of all these patients necessitates the involve-
ment of a multi-disciplinary team.
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