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Stem Case and Key Questions Content 
Carla is a 6 year old , 18kg girl from Mexico with cystic fibrosis (CF) and recurrent bronchiectasis of 
the left lower lobe resistant to therapy. She is referred to your institution for consideration for 
pulmonary resection. She is a product of a term gestation, and was diagnosed with CF at age 6 
months during an admission for small bowel obstruction. Over the last year she has had multiple 
hospitalizations for left sided pneumonia during which she has undergone bronchoscopy several 
times for pulmonary toilet. Her most recent admission was 1 month ago. She also has 
gastroesophageal reflux. 
 
She is not oxygen dependant but uses it at home when she has exacerbations. She receives 
hypertonic saline and human recombinant DNA'se nebulizer treatment, Prednisone, Azithromycin, 
pancreatic enzyme and vitamin replacement (A, D, E, K). She receives nightly parenteral nutrition, 
and also feeding via her gastrostomy tube. Her flight from Mexico was delayed for 2 days because no 
oxygen was available and she has not had her medications for the last few days. 
 
Examination reveals a cheerful, thin young Cushingoid girl with a respiratory rate of 26, room air 
saturation of 94%, and a temperature of 102 degrees. She has a few rhonchi over her right chest but 
bronchial breath sounds over the left chest, which is dull to percussion. She complains of left-sided 
chest pain. The rest of her exam is normal. 
 
Her chest x-ray shows a diffusely opacified left lung field and mild right sided bronchiectasis with 
areas of air-trapping. 
 
Recently she underwent attempted bronchoscopy under general anesthesia. Flexible bronchoscopy 
via a laryngeal mask airway proved unsuccessful due to the large amount of secretions that could not 
be adequately cleared, preventing evaluation of the lungs distal to the mainstem bronchi. Rigid 
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bronchoscopy was then performed with more successful pulmonary toilet. A postoperative chest X ray 
was unchanged. She is scheduled for a left lower lobectomy. 
 
Do you have enough information to proceed with surgery? How would any further workup change 
your anesthetic plan? Should surgery be delayed due to her fever? 
 
Her sputum culture reveals Pseudomonas Aeruginosa, and she undergoes antibiotic therapy and 
intensive chest physical therapy in preparation for her surgery in a week. 
 
CT chest reveals severe bronchiectasis and consolidation of the entire left lung, hyperinflation of the 
right lung and mild bronchiectasis and mucous plugging of the right upper lobe. The surgical plan is 
changed to left pneumonectomy . 
 
Does this change your anesthetic plan? 
 
She arrives in the induction room with a left peripherally inserted central catheter (the right subclavian 
vein is completely sclerosed) and is accompanied by her Spanish-speaking parents. 
 
Would you premedicate this child? What are the possible risks of premedicating her? What technique 
of induction would you choose? Would you allow the parents to be present during induction? 
You proceed with an intravenous induction via the PICC line. You notice great difficulty during mask 
ventilation. Despite a good mask seal you are unable to ventilate her. 
 
What are the likely possibilities in this patient? How would you secure the airway? 
 
You successfully intubate the patient with a single lumen endotracheal tube. Your resident attempts 
intravenous access in her arms and legs and is only able to insert a 22 gauge peripheral intravenous 
catheter in her foot. 
 
What is your plan for IV access and monitoring? 
 
What is your plan for intra and postoperative analgesia? Are there any special concerns with respect 
to epidural catheter placement in this patient? 
 
What are the risks of placing an epidural catheter in an anesthetized child? How could you reduce 
these risks? Would you allow the resident to place the epidural? What techniques are available to 
confirm correct catheter placement? 
 
You succeed in inserting an arterial line, and a 20G IV catheter in her external jugular vein. Thoracic 
epidural placement proceeds uneventfully. 
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What is your plan for lung isolation? What techniques are available for this 6-year-old patient? 
You achieve lung isolation with an extraluminal bronchial blocker and commence single lung 
ventilation. 
 
What mode of ventilation would you choose? 
 
A left thoracotomy is performed and 10 minutes later the ventilator high-pressure alarm sounds at the 
same time as the low tidal volume alarm. 
 
What are the likely causes? 
 
You pass an endobronchial suction catheter through the ETT and suction a large amount of yellow, 
tenacious sputum. The tidal volume and compliance immediately improves. 
 
Surgery proceeds uneventfully with moderate blood loss. Systolic blood pressures range from 70 to 
75 mmHg with a heart rate of 84-94. You send a blood sample to the laboratory, and the Hct is 26. 
What is your threshold for blood product transfusion? 
 
3 hours later the surgery is complete. 
 
Do you plan to extubate this patient in the operating room? 
 
What drugs would you recommend be used to provide epidural analgesia postoperatively? Would you 
supplement with an NSAID? 
 
 
Model Discussion Content 
 
Cystic Fibrosis and Anesthesia  
Cystic fibrosis is an autosomal recessive disorder of exocrine gland function with a gene frequency of 
1 in 25 in Caucasians. The protein encoded by the CF gene is the principal chloride channel of 
epithelial cells, which results in increased sodium reabsorption and decreased chloride secretion. The 
mean survival is now 30-40 years. Primary organ systems involved are the respiratory and 
gastrointestinal tracts. The disorder of ion transport results in dehydration and thickening of airway 
mucus and abnormal mucociliary clearance resulting in a clinical course marked by episodic 
exacerbation of pulmonary infection and inflammation. Manifestations include bronchiolitis, 
bronchiectasis, airway hyperreactivity and pneumothorax. Terminal stages are marked by hemoptysis, 
respiratory failure and cor pulmonale. The anesthetic considerations therefore must address small 
airway obstruction and air-trapping, ventilation/perfusion imbalance, risk of pneumothorax from pleural 
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blebs and the problem of copious secretions1. These may manifest as hypoxemia and hypercarbia, 
difficulty in ventilation, prolonged mask inductions and upper airway obstruction from nasal polyps. 
 
In the GI tract, pancreatic insufficiency (90% by age 1) results in malabsorption and failure to thrive, 
but diabetes is rare before the teen years. In view of the possible Vitamin K malabsorption coagulation 
studies should be performed prior to surgery or regional anesthesia. Meconium ileus may present in 
the first 48 hours of life and later in childhood 10% have distal small bowel obstruction. Cholelithisasis 
and asymptomatic elevation of liver function tests may be a feature, while 2-5% may die of liver 
disease2. It is important also to note that gastroesophageal reflux is more common (50% of children) 
and may alter the induction plan. 
 
Preoperative testing should include pulmonary function testing and room air arterial blood gases in the 
patient with moderate disease. However evidence that preoperative PFT’s affects outcome is lacking. 
An older study from 1993 in children having thoracotomy showed that most had only small reduction 
in PFT’s after thoracotomy and the group with severe reduction in postop PFT had no postoperative 
mortality or prolonged ventilation3. EKG and cardiac echo may also be indicated depending upon 
disease severity. Anesthetic PlanIt may be prudent to schedule surgery later in the morning to allow 
these children to ambulate and clear secretions retained overnight. In the child with a fever every 
effort should be made to optimize preoperative condition including physical therapy and appropriate 
antibiotic therapy.Preinduction IV access will avoid the difficulties that may occur during an 
inhalational induction. An anxiolytic premed is useful in the child who has had frequent hospital 
encounters to reduce the likelihood of developing extreme fear of the hospital environment. However 
overzealous premedication increases the risk of respiratory depression in a child with limited 
respiratory reserve. Parental presence during induction should be decided based on the 
anesthesiologists comfort with this technique, and may be useful if it helps to reduce the child’s 
anxiety. An anticholinergic may be given to reduce the problem of copious secretions. Anesthetic 
gases should be warmed and humidified4, and nitrous oxide avoided to reduce the risk of 
pneumothorax. Difficulties in mask ventilation may be due to nasal polyps, copious mucus in the 
trachea and mainstem bronchi, or bronchospasm. After tracheal intubation, endobronchial suction 
should be performed and repeated regularly during surgery. During positive pressure ventilation, care 
should be taken not to overdistend already hyperinflated lungs, and a pressure controlled mode is 
preferable to reduce the risk of barotrauma. Regional anesthesia should be utilized as an adjunct to 
minimize the need for systemic postoperative opiates. Short acting agents should be used 
intraoperatively to facilitate early extubation. Regardless of whether the patient is having a lobectomy 
or pneumonectomy, an arterial line and large bore peripheral venous access is necessary for thoracic 
surgery in this population as well as postoperative ICU care. 
 
Single Lung Ventilation 
The challenges of single lung ventilation are increased in the child with CF and moderate lung disease 
due to the issues of airway reactivity, air-trapping, copious secretion production and V/Q imbalance 
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already present. Lung isolation may be indicated to control distribution of ventilation (bronchopleural 
fistulas, giant cysts/bullae), to avoid contamination or spillage (blood, pus) or to provide optimal 
operating conditions. There are 3 techniques, which may be used, in the pediatric population: the 
single lumen endotracheal tube, bronchial blockers and double lumen tubes. Single Lumen 
Endotracheal tubeIn this technique the conventional ETT is advanced endobronchially into the non-
operative lung using bronchoscopic guidance. When a cuffed ETT is used the distance between the 
tip of the tube and the proximal edge of the cuff must be shorter than the length of the mainstem 
bronchus to avoid herniation of the inflated cuff to the contralateral mainstem bronchus, and also 
inadvertently deep endobronchial intubation. Note the shorter distance with the Sheridan armored 
ETT and the microcuff  ETT. The ETT is placed in the trachea, and the flexible bronchoscope 
advanced into the mainstem bronchus, stopping short of the short of the bronchial subdivisions. The 
ETT is then advanced until the tip is visible with the bronchoscope. Auscultation should be used to 
exclude occlusion of the upper lobe bronchus. A disadvantage of this technique is that suctioning of 
the operative lung cannot be performed, collapse of the operative lung is slow and an inadequate seal 
of the ventilated lung may occur with an uncuffed ETT5. Right upper lobe obstruction is also a frequent 
problem, which may cause significant postoperative morbidity. Balloon- Tipped Bronchial blockers 
The Fogarty embolectomy catheter and Arndt blocker are the commonest balloon-tipped catheters 
used for bronchial blockade. The Fogarty catheter may be placed through the ETT or alongside. It has 
a wire stylet that allows the distal end to be curved to assist directing the tip into the desired 
bronchus6. To place the blocker extraluminally, it is advanced into the trachea during laryngoscopy 
with the concavity facing forward. The catheter tip is then rotated 90 degrees to the right or left. The 
ETT is then placed into the trachea alongside the blocker. Under fiberoptic guidance the catheter may 
then be advanced into the mainstem bronchus to the proximal edge of the balloon. Possible problems 
include dislodgement of the catheter into the trachea and damage to the airway from the low volume, 
high pressure cuff that should be checked beforehand. Only the minimum necessary volume of saline 
should be injected into the balloon to allow lung isolation. Arndt Endobronchial Blocker This blocker is 
available in 3 sizes (5, 7, and 9F) and the 5F can be used in children old enough to accommodate a 
5.0 mm ETT. The low-pressure, high-volume balloon is 1cm long and corresponds to the length of the 
right mainstem bronchus in children of 2 years of age, allowing placement without obstruction of the 
right upper lobe bronchus6. The blocker kit adaptor has 3 ports that allow insertion of the FOB, the 
blocker and port for connection of the anesthetic circuit allowing uninterrupted ventilation during 
placement. The blocker has a nylon loop at its tip allowing coupling to the FOB for placement into the 
desired bronchus. The blocker has a lumen allowing suctioning and oxygen insufflation to the 
operative lung. Univent Tubes The Univent tube is an ETT with a second significantly smaller lumen 
containing a blocker that can be advanced into a bronchus, and inflated. A pediatric size Univent tube 
is available (3.5mm) which has an external diameter of 8mm and is appropriate for children of 8-10 
and older. The blocker balloon is a low volume, high pressure design that may cause mucosal injury. 
These tubes are technically easier to place and less likely to become displaced. Double Lumen tubes 
(DLT)The smallest DLT available is a 26F which may be used for children 8-10 years and older. 
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These tubes allow lung separation, are relatively easy to use and allow the operative lung to be 
suctioned and oxygenated. The technique of placement is the same as in adults. 
 
Thoracic Epidural Analgesia 
This patient would benefit from placement of a thoracic epidural catheter, which would allow early 
extubation, ambulation and good postoperative chest physical therapy to promote sputum 
expectoration and prevent atelectasis in the remaining lung. However there is considerable 
controversy surrounding the placement of epidural catheters in the anesthetized patient7.Specific 
concerns are the risk of spinal cord and nerve root injury, and unrecognized intravascular or 
intrathecal injection of local anesthetic. However a large body of evidence in the pediatric population 
points towards this being a safe and effective technique in experienced hands8,9. Therefore the 
decision to allow a resident to place a thoracic epidural in a small child would depend on the depth of 
their experience in placing thoracic epidurals. Some experts believe that paresthesias are an early 
warning sign before permanent neurological injury occurs. However spinal nerve roots are mobile in 
the epidural and subarachnoid space and theoretically move away from an advancing needle, 
perhaps accounting for the rarity of permanent neurological disability reported in the anesthetic 
literature (including the ASA closed claims analysis10 of pediatric patients from 1973-2000). Direct 
spinal cord injury with a needle has been reported with absence of paresthesias or pain11. Detection 
of intravascular injection may be more accurate with slow, incremental injection of an epinephrine-
containing solution with attention to heart rate and T wave changes, than reliance upon self-reporting 
of neurological symptoms in a frightened child. Nevertheless, spinal cord injury has been reported 
while performing epidural anesthesia in the anesthetized child12. The risk of this occurring may be 
reduced by restricting this procedure to those with experience, by the avoidance of air for loss of 
resistance, and by placing the catheter in the lumbar epidural space followed by cephalad 
advancement. The use of slow incremental injection with test dosing, and the avoidance of multiple 
attempts is advisable. 
 
Site-specific epidural catheter placement may be confirmed by using contrast injection, nerve 
stimulation13 or ultrasound14. 
 
Epidural medication options include various combinations of dilute bupivacaine (0.125%) with 
fentanyl, hydromorphone and/or clonidine. It is useful to add oral non-opiate analgesics such as 
acetaminophen and NSAIDS to supplement analgesia. The benefits are reduction of opiate use with a 
concomitant reduction in the risk of postoperative respiratory depression. 
 
Transfusion 
The decision to transfuse this patient should not be based on hematocrit alone. Factors such as 
hemodynamic stability, estimated blood loss, urine output and indicators of metabolic acidosis must 
be taken into account when deciding to transfuse. 
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Extubation 
When deciding whether or not to extubate this patient several factors should be considered including 
duration of surgery, muscle strength, tidal volumes achieved while breathing spontaneously, work of 
breathing, metabolic derangement, core temperature and degree of residual sedation. 
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