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Stem Case and Key Questions Content 
47-year-old female presents for emergency open reduction and internal fixation (ORIF) of right 
humerus and ankle. 
 
HPI: 
Patient fell down the stairs at her home earlier today and was brought to emergency room (ER). X-
rays confirmed closed spiral fracture of distal right humerus and right ankle involving tibia and fibula. 
Patient is complaining of decreased sensation over dorsal portion of her hand and forearm and cannot 
extend hand/fingers. She is right-handed and the surgeon would like to proceed ASAP to prevent 
radial nerve damage. 
 
PMH/PSH: 
The patient has a history of congenital heart disease and underwent several palliative surgical 
procedures as a child. She had seen cardiologist recently because of worsening symptoms: shortness 
of breath, lack of energy. She had some testing done two days ago and is scheduled for cardiac 
catheterization next week. 
Allergies: none 
Medications: 
Enalapril, Furosemide, Aspirin. Received Morphine 4mg in emergency room 2 hours ago. 
PE: The patient is 140 cm tall and weighs 45 kg. Cyanotic, marked clubbing of fingers. 
BP 95/56, HR 91, SpO2 85% on O2 via nasal cannula 2 l/min. 
Receding jaw, neck has limited range of motion, decreased thyromental distance, Malampati class 3 
Lungs: clear 
Heart: regular rhythm and rate, no murmurs appreciated 
Abdomen is soft, non-distended, no tenderness or hepatomegaly noted. 
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Last intake by mouth 6 hours ago. 
CXR: clear lungs, cardiomegaly 
ECG: SR 95/min, non-specific ST-T changes 
Lab work: Hgb/Hct 15/45, K 3.8 PT/INR 12/1.0 
Patient was seen by an internist in the emergency room and was cleared for emergency surgery with 
a recommendation to use oxygen, avoid tachycardia and hypotension. 
 
Is this “clearance” sufficient to proceed? What type of specific information do we need to plan the 
anesthetic? 
 
Patient’s cardiologist was contacted and the following information is now available. 
The patient was born with tricuspid atresia and underwent the following procedures: 
Cooley shunt as a baby; classic Glenn and Cooley takedown at 1 year and a left classic Blalock-
Taussig (BT) shunt when she was 10 years old. Her last cardiac surgery was a lateral tunnel 
fenestrated Fontan in her early twenties. 
 
She has been fairly active until last few months as she was getting progressively short of breath doing 
even regular daily activities. Was seen by cardiologist a week earlier and had a stress test done 2 
days prior to injury. 
 
The results of stress test are as follows: Stress test stopped due to dyspnea and leg pain. 
Maximum work rate decreased, peak O2 consumption decreased, anaerobic threshold decreased 
(Naughton protocol). SpO2 83% at rest, 52% with exercise, no ischemia. Cardiac catheterization is 
scheduled for next week to further evaluate cardiovascular anatomy and function and decide whether 
she is a candidate for surgical correction. 
 
What is Cooley shunt? Would a history of Cooley shunt that was taken down affect our management 
today?  
What is a BT shunt? What is the difference between classic and modified BT shunt? Does it still 
matter since the shunt was taken down? 
What is Glenn shunt? What is the difference between classic and bidirectional Glenn shunt? How 
would that affect our management today? 
What is Fontan procedure? What are its goals? What are the different types of Fontan? What are 
long-term consequences in patients after Fontan repair? What are potential reasons for this patient’s 
worsening symptoms? 
Can we wait for completion of cardiac workup and possibly intervention prior to repair of the fracture? 
What if the fracture is open and/or there is bleeding?  
 
The patient understands the risks involved and is insisting to proceed. 
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Based on the information we know now what are anesthetic considerations for this patient? What 
additional testing, if any, can we do to help us guide anesthetic management? 
 
Transthoracic echocardiogram was performed preoperatively and showed preserved ventricular 
function, ejection fraction (EF) 50%, trace aortic regurgitation and patent lateral tunnel Fontan with 
shunting across the fenestration. 
 
How would you monitor this patient? Where would be appropriate placement of noninvasive blood 
pressure cuff and/or arterial line? Would a central line be helpful? Transesophageal echocardiogram 
(TEE)? 
How would you manage the airway? What ventilator settings would you use? What are the 
hemodynamic goals for the patient? How would you address hypotension?  
Would you consider peripheral nerve block as a primary anesthetic? Why/why not? Would you 
consider a block for postoperative pain relief? Would you do single injection or place a catheter? 
 
Patient was brought into the operating room. Head elevated 300. Standard noninvasive monitors 
applied. Sedation with incremental doses of Midazolam. Under local anesthesia arterial line was 
placed. Patient pre-oxygenated. Smooth inhalational induction with sevoflurane in oxygen, positive 
pressure ventilation via mask attempted, tolerated well by patient, muscle relaxant administered. Easy 
intubation using Glidescope accomplished. 
 
Anesthetic maintained with Sevoflurane in O2, fentanyl, pressure-controlled ventilation with peak 
airway pressure 18 cmH2O, mild hyperventilation to PaCO2 30-32. Mild hypotension to 80ies 
responded to crystalloid and colloid administration. 
 
Surgery proceeded uneventfully with the plate fixation of the humerus fracture and closed reduction 
and pinning of ankle fracture. Patient was awakened and extubated at the conclusion of surgery and 
transferred to the intensive care unit. 
 
What would you do if the hypotension does not improve with fluid administration? Is phenylephrine 
better than ephedrine? What other information can guide management? 
 
 
Model Discussion Content 
Anatomic, physiologic and historic overview of various procedures used for staged repair of 
single ventricle lesions 
There are many forms of congenital heart disease that fall into category of mixing lesions 
characterized by the mixing of oxygenated pulmonary venous blood and deoxygenated systemic 
venous blood followed by ejection of mixed blood into aorta and pulmonary artery in parallel. Mixing 
occurs at intra- or extra-cardiac connections.1 
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Mixing lesions can have one or two ventricles. Examples are: Hypoplastic Left Heart Syndrome and 
many of the “terrible T’s”: transposition of the great arteries (TGA), tricuspid atresia (TA), truncus 
arteriosus. 
 
Most children with functional two ventricles, such as TGA, will have corrective surgery at an early 
age.1 

 
For patients with single ventricle lesions, such as tricuspid atresia, palliative repair and separation of 
systemic and pulmonary circulation is typically accomplished in 3 stages starting at an early age.2 
The first stage of repair is to establish ductus-independent source of pulmonary blood flow by creation 
of a shunt between systemic and pulmonary artery. Such shunts expose pulmonary arterial circulation 
to systemic pressure thus overcoming high pulmonary vascular resistance of a neonate and 
promoting growth and development of pulmonary vasculature in the first few months of life.2 

 
Various shunts were historically utilized to achieve this goal. While most of those shunts are no longer 
used, there are patients who underwent earlier types of repair and present unique challenges for the 
cardiologists, cardiac surgeons and anesthesiologists alike, especially when they present for 
emergency non-cardiac surgery. 
 
The description of Blalock-Taussig shunt in the Journal of the American Medical Association (JAMA) 
in 1945 has revolutionized the field of pediatric cardiology and cardiac surgery. Classic Blalock-
Taussig (BT) shunt is an end to side anastomosis of right subclavian artery to right pulmonary artery 
(RPA).3 The use of the patient’s own subclavian artery allowed it to grow with the patient and 
decreased the need for revision later on. However, the blood supply to the extremity was by 
collaterals, thus blood pressure measurements, whether by non-invasive cuff or arterial line would not 
reflect true arterial pressure, including years later after the repair is completed and the shunt was 
taken down. 
 
Various direct aortic to pulmonary artery (PA) anastomoses were used in attempt to further increase 
pulmonary blood flow and to preserve subclavian artery. Potts shunt is a connection of descending 
aorta to LPA. Waterson shunt is connection of ascending aorta to RPA. Cooley shunt is an 
intrapericardial connection of ascending aorta to RPA. These shunts quickly fell out of favor due to 
very high pulmonary blood flow leading to pulmonary hypertension.1 

 
Introduction of high quality synthetic materials in the seventies allowed the development of a modified 
BT shunt, a 3 or 4 mm graft placed between right subclavian artery and RPA, allowing for ductus 
independent pulmonary blood flow without compromise of the artery and allowing for an easy 
takedown during later procedures.4 
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Currently, when modified BT shunt is technically difficult, usually due to small branch PA’s, central 
shunt is used: a Gore-Tex graft between ascending aorta and main PA. As large vessels are used, 
there is less thrombosis. However, the patients are more prone to preferential single lung perfusion 
and pulmonary HTN. 
 
There are several other procedures that are used as a first stage of repair of particular lesions such as 
Norwood procedure for repair of Hypoplastic Left Heart Syndrome, but they are outside the scope of 
this discussion. 
 
While modified BT shunt and central shunt are most commonly used, many of the adult “survivors” or 
patients who were operated on in the developing countries may have undergone earlier repairs. 
Getting records of the surgeries performed in the past will help guide proper monitor placement in 
such patients. 
 
While establishing ductus-independent pulmonary blood flow and aiding development of pulmonary 
vasculature at an early age, continuous exposure of pulmonary circulation to systemic pressures 
leads to pulmonary hypertension. Moreover, the single ventricle pumping blood into both systemic and 
pulmonary circulations in parallel develops a degree of hypertrophy as a result of large volume 
overload. Thus, the next stage is needed to prepare pulmonary vasculature and myocardium for the 
separation of pulmonary and systemic circulations.2 

 
The second stage was developed and introduced into clinical practice by Dr. Glenn in the late fifties. 
The classic Glenn shunt is an anastomosis of the superior vena cava SVC to the distal end of 
transected RPA. While decreasing volume overload, thus decreasing work for the ventricle and 
decreasing pulmonary vascular obstructive disease, classic Glenn shunt did so for the right PA only. 
Separation of the right and left PA made subsequent repair difficult. Many patients did not have the 
third stage completed due to the distortion of the anatomy caused by this repair and needed additional 
procedures performed to perfuse LPA.2 

 
The bi-directional cavo-pulmonary shunt, or bi-directional Glenn shunt is a connection of the 
transected end of the SVC to the side of the undivided right PA. It allows blood flow to both lungs and 
is most commonly employed at present. It effectively discontinues exposure of pulmonary vasculature 
to high systemic pressures, allows it to restructure and tolerate venous pressures. It helps reverse 
cardiomyopathy from the initial volume overload and prepares the single ventricle and pulmonary 
vasculature for transition from parallel to sequential circulation.2 

 
After the Glenn procedure the patients are cyanotic, SpO2 is 75-85%. Early complications include 
SVC syndrome, cerebral edema, hemo- and chylothorax, PA thrombosis and decreased shunt flow. 
Later complications include aortopulmonary collaterals originating from internal mammary arteries or 
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thyrocervical trunk. Lower extremity IV lines should be avoided as air and emboli will enter systemic 
circulation! Thus, upper extremity IV access is preferred. As flow from the SVC to the left atrium is 
non-pulsatile and dependent on pressure gradient, PPV may be poorly tolerated. Patients with either 
classic or bi-directional Glenn shunt may develop pulmonary AVMs resulting in right to left shunt.1 
The third and “final” stage of repair of patients with the single ventricle is Fontan procedure. It 
establishes IVC to pulmonary artery connection and thus completes separation of systemic and 
pulmonary circulations. Earlier repair, classic Fontan, was simple connection of the right atrium to the 
pulmonary artery. Those often resulted in right atrial dilatation, intra-atrial thrombus formation, atrial 
arrhythmias and thromboembolic events. Subsequent modifications (there are at least 10 different 
variations) included intra-cardiac lateral tunnel Fontan and later on extra-cardiac shunt with or without 
fenestration. The later modifications of the Fontan procedure avoided many complications of the 
classic Fontan, thus significantly improving short- and long-term survival rates and the quality of life.2 
Despite the well-defined benefits of the Fontan procedure, its physiology is a hemodynamic 
compromise.6 It is characterized by high systemic venous pressures and low pulmonary arterial 
pressures. Its potential complications are numerous and include arrhythmias, thromboemboli, hepatic 
dysfunction, protein-losing enteropathy, and worsening cyanosis from pulmonary venous 
compression, systemic venous collateralization, or pulmonary arteriovenous malformations (AVM).6 
Arrhythmias common after Fontan are atrial fibrillation or flutter, heart block or sick sinus syndrome. 
They are usually a result of high intra-atrial pressure or suture lines from previous surgeries.5 
Protein-losing enteropathy is poorly understood. Initially it was thought to be related to high pressure 
in the Fontan circuit leading to hepatic congestion, but lack of correlation between venous pressure 
and the presence of enteropathy suggests different etiology. 
 
Development of pulmonary AVMs is similar to patients with cirrhosis of the liver, which suggests the 
liver dysfunction as a cause, but there is no definitive evidence so far. 
 
Dysrhythmias and sluggish venous flows are thought to cause thrombosis, anticoagulation strategies 
are managed individually.6 

 
Anesthetic considerations for the patient with Fontan physiology undergoing non-cardiac 
surgery. 
Preoperative evaluation of patients with congenital heart disease should use multidisciplinary 
approach and include participation of anesthesiologists, cardiologists, surgeons and intensivists and 
ideally should be managed in a regional adult congenital heart disease center. Poor functional status, 
pulmonary hypertension, cyanosis increases the perioperative risk. Major surgery involving significant 
blood loss, hemodynamic changes related to position, laparoscopic surgery or single-lung ventilation 
will further increase the risk. The anesthesiologist should be familiar with the patient’s specific 
anatomy and physiology based on the history of the initial disease, the procedures performed and 
echocardiographic and cardiac catheterization results.5 
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Premedication with anxiolytics and hypnotics may be indicated, since some of the patients may 
present with anxiety and have significant psychosocial issues. However, premedication needs to be 
undertaken with caution, as hypoventilation with resultant hypercarbia and hypoxemia may produce 
deleterious increases in pulmonary vascular resistance, particularly in patients gradient dependent 
pulmonary blood flow.7 

 
Antibiotic prophylaxis of endocarditis is indicated in patients with persistent cyanosis and when 
synthetic material was used for repair. 
 
Intraoperative management. 
Monitoring. Standard non-invasive intraoperative monitoring including pulse oximetry, ECG, arterial 
blood pressure, capnography and temperature should be used in all patients. Changes in the values 
of each monitor should be interpreted in conjunction with the other parameters to understand the 
physiologic process responsible for the change and provide appropriate intervention. Specific 
attention should be placed on pulse oximetry as decreases in saturation may signify increases in 
PVR, increases in right to left shunting or decreased flow through the shunt. Conversely, arterial 
saturation may be maintained or even increased in the face of severe compromise of systemic cardiac 
output. 
 
Placement of non-invasive blood pressure cuff and arterial line should take into consideration 
previous shunts and avoid extremity with compromised blood flow. 
 
Alteration of intracardiac anatomy by previous Glenn and Fontan procedures complicate placement of 
central venous catheters in palliated adults and anatomical variations should be considered when 
interpreting values. TEE might be useful in such patients to monitor intravascular volume status and 
ventricular function.7 

 
Anesthetic technique. Currently there are no evidence-based recommendations to guide the choice of 
technique and anesthetic management of patient with congenital heart disease undergoing non-
cardiac surgery. Given the variability of defects and their repairs it is unlikely that a single approach 
will address every defect.5 

 
Based on existing data the few suggestions can be made: 
Careful attention to maintenance of pulmonary blood flow by avoiding hypercarbia and hypoxemia, 
adjusting ventilator settings do decrease peak and mean airway pressures. 
Management of dysrhythmias. 
Maintenance of preload and contractility. 
Replacement of coagulation factors. 
Use of regional anesthetic technique should be considered.7 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 8 

 

 
 
References 
1. Maranets I, Hines R. Ch 3: Congenital Heart Disease. Stoelting’s Anesthesia and Co-Existing 
Disease, 5th edition, ed. RL Hines and KE Marschall, Saunders 2008, 43-60 
2. Kopf G. Ch 26: Tricuspid Atresia. Pediatric Cardiac Surgery, 2nd edition, Constantine Mavroudis, 
Carl L Backer, St. Louis: Mosby 1994, 379-402 
3. Blalock A, Taussig HB. The surgical treatment of malformations of the heart in which there is 
pulmonary stenosis or pulmonary atresia. JAMA. 1945;128:189-192. 
4. Amato JJ, Marbey ML, Bush C, et al. Systemic-pulmonary polytetrafluoroethylene shunts in 
palliative operations for congenital heart disease. Revival of the central shunt. J Thorac Cardiovasc 
Surg. Jan 1988;95(1):62-9. 
5. Baum VC, Perloff JK. Anesthetic implications of Adults with Congenital Heart Disease. Anesth 
Analg 1993;76:1342-58. 
6. Eagle, SS, Daves, SM. The Adult With Fontan Physiology: Systematic Approach to Perioperative 
Management for Noncardiac Surgery. J Cardiothor Vasc Anes 2011; 23: 320-3. 
7. Cannesson M, Earing M, Collange V, Kersten J. Anesthesia for Noncardiac Surgery in Adults with 
Congenital Heart Disease. Anesthesiology 2009; 111-2: 432-440. 


