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Stem Case and Key Questions Content 
An 11-month-old, 11 kg male presents on the day of surgery for a craniosynostosis repair. Pre-
anesthetic assessment reveals a full term infant on no medications without previous medical or 
surgical history. Airway and physical exam are unremarkable, no cardiac murmurs are appreciated, 
and the lung fields are clear to auscultation. NPO status is appropriate. There are no preoperative lab 
studies, no directed donor blood, and type and cross match has not yet been sent. 
 
Do you have enough information to proceed with surgery? Would any information from further 
workup alter your anesthetic plan? Should lab work and/or type and cross match be sent 
before proceeding to the OR? Would preoperative discussion with the surgeon be useful to 
assess risk from positioning? What type of monitoring should be planned? 
 
The infant is brought into the OR and anesthesia proceeds via inhalation induction with sevoflurane. 
Two peripheral IVs and an arterial line have been planned, and the surgeon requests the use of 
precordial doppler. After general anesthesia is achieved by facemask, the routine monitors are 
placed, including EKG, non-invasive blood pressure cuff, and pulse oximeter. 
 
Is inhalation induction acceptable? What mixture of gases should be used? Should induction 
proceed “slowly” (by incremental increases in sevoflurane), or is “rapid” induction safe using 
vital capacity (crying) breathing and 8% Sevoflurane? 
 
A 22g PIV is inserted in the left upper extremity, paralysis and opiate are given, the airway is secured 
using a 4.0 oral RAE ETT. An airway leak is heard at 24 cm H20. The tube is secured midline, at the 
bend (13 cm) to the lower lip with benzoin and tegaderm; a flexible adaptor was placed between the 
ETT and the circuit. An external airway gas warmer was also placed in line. The ventilator settings are 
set using pressure control of 18 cmH2O with PEEP of 5 cmH2O, rate of 22, fresh gas of 1 L/min of 
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oxygen and 1 L/min of air. Returned tidal volumes are noted to be between 90 and 100 cc per breath. 
SaO2 is 100%, ETCO2 is 38 mmHg and heart rate remains between 120 and 130, blood pressure is 
stable and remains mainly in the 70s. 
 
Are there other choices of ETTs for airway management? What are the pros and cons of the 
different options? What are appropriate ventilator modes and settings? Is hyperventilation 
necessary? 
 
A second 22g PIV is inserted in the right upper extremity and the IV line (that includes blood tubing, a 
stop cock, and IV extension set, and a T-connector) is hooked to the IV catheter hub and the line is 
opened up. As the PIV was being secured and the left wrist prepared for arterial line insertion, a 
decreased heart rate is heard. Upon looking at the monitors, it is noticed that the heart rate is in the 
90’s, and the ETCO2 is reading 8 mmHg, and the SaO2 is beginning to decrease, however it remains 
in the 90s. 
 
What is happening? Why? How? Is this a critical event? What concerns are there? What 
corrective measures should take place? How effective are the interventions? 
 
The “event” persists and worsens over the next 5-10 minutes with systolic blood pressure dropping to 
the high 50s and low 60s, heart rate remains between 90 and 100, and SaO2 continues to drop, with 
the lowest reading of 69%, it slowly begins to rise and lingers in the low 80s for 3-5 minutes before 
returning to normal values. Arterial access has become difficult and after 4 attempts a right radial 
arterial line is secured. 
 
Should surgery proceed or be canceled? Are there concerns of repeat “events” occurring 
during surgery? What are the possible sequelae? Are there diagnostic measures that can 
assess for the presence of air? 
 
An arterial blood gas is obtained with the following results: 7.21/51/272 Hb 8.5, K+ 3.1, Ca++ 1.27, 
HCO3 21.3. 
 
What is the interpretation of the ABG? Are the values acceptable? Can surgery proceed? 
 
The decision to proceed with surgery is made. A foley catheter was placed, a rectal temperature 
probe is placed and reads 36.1°, a blood sample was sent to the blood bank for type and cross of 2 
units PRBCs and 2 units FFP. Finally, the patient was positioned. The surgeon’s preferred position is 
sphinx - prone with head extension, and a 90° turn of the table. 
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Are there concerns with regards to the position? What are they? In light of the “event” that has 
already occurred does the head up position create concern? Would further entrainment of 
intravascular air have a cumulative effect? Does limited access to the airway pose a problem? 
 
The patient is prepped and draped, the head is shaved and 6cc of 0.5% Lidocaine with 1:200,000 
epinephrine is injected along the incision site. 
 
What are the concerns on injecting local anesthetic with epinephrine? How much is safe? 
What are the first signs of local anesthetic and/or epinephrine toxicity? 
 
After incision a loss of capnograph tracing was noticed. Returned tidal volumes were recording 30 cc, 
SaO2 was 100%, but dipped to 95%. 
 
What is happening? Is this related to the earlier VAE, or is this a new “event”? 
 
Auscultation of the back revealed markedly reduced/minimal breath sounds. Inspection under the 
drapes showed the ETT to now be at 8 cm at the lip; the tape was wet and did not appear to be 
adhering to the ETT. SaO2 remained in the 90s, and heart rate did not change. 
 
Why is SaO2 holding? What are your options? 
 
The patient is turned supine and bag-mask ventilation is resumed with ease. The baby is re-intubated 
with a 3.5 oral reinforced ETT. Adequate ventilation is difficult, and an airway leak is heard at 12 cm 
H2O. The baby was re-intubated with a 4.0 oral reinforced ETT, which seemed “tight” and no leak was 
heard with airway pressure up to 40 cm H2O. Ventilation parameters were left unchanged - pressure 
control of 18 cmH2O, PEEP of 5 cmH2O rate 22 bpm. 
 
Was the choice of a smaller ETT reasonable, and why was that choice made? Was the choice 
of a different type of ETT reasonable? Do different types of ETT tubes (i.e. oral RAE, traditional 
straight tube, reinforced), which have the same internal diameter, have different outer 
diameters? 
 
The sphinx position was resumed, and surgery began. Maintenance of anesthesia included fentanyl, 
non-depolarizing muscle relaxant, oxygen/air mixture and sevoflurane. Vital signs were: SBP 80s-90s, 
HR 130s, SaO2 100%, and temperature 35.8°. Repeat ABG after incision was 7.28/36/195 Hb 6.5 
K+ 3.1 Ca++ 1.06 HCO3 16.3. 
 
What are your considerations and concerns for fluid administration? Should crystalloid or 
colloid be used? What are your triggers for transfusion? 
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The plastic surgeon states that he is ready for the neurosurgeon to perform the craniotomy portion of 
the operation. A phone call to the blood bank reveals that the blood products requested will not be 
available for another 30 minutes. 
 
Should you request that the neurosurgeon wait until the blood products are in the room? 
 
Twenty minutes later the blood products are in the OR and have been checked out. Surgery now 
proceeds and blood transfusion begins. 
 
How will you transfuse the blood? PRBCs diluted with 0.9 NS, mixed with FFP, pushed straight 
with a syringe etc.? Should platelets be given? Are there benefits of 1:1 or 1:1:1 transfusion? 
What are the risks of transfusion/massive transfusion in small children? 
 
The remainder of the operation proceeds without more significant events. Spontaneous ventilation 
resumes, and the initial respiratory rate is 50 bpm. Morphine is titrated 0.5 mg X 3 doses over 15 
minutes. The respiratory rate decreases to 20 bpm, the sevoflurane is discontinued as the head 
dressing is being placed and the last ABG was 7.34/37/241 Hb 10.8 K+ 3.8 Ca++ 1.24 HCO3 18.8. 
 
What are your criteria for extubation? Dose this case require an ICU admission? Should all 
craniofacial reconstruction cases be admitted to an ICU for postoperative management? What 
is the plan for postoperative pain management, and does this influence your decision for 
extubation? 
 
The drapes are removed and the baby is turned supine and is reaching for the ETT. Extubation 
proceeds after suctioning. The baby shows good respiratory efforts and SaO2 is 98% with blow by 
oxygen. The monitors were disconnected and after the surgical team finished with the head dressing 
the baby was transferred to a crib and transport monitors were attached. The pulse oximeter showed 
no tracing or number reading, heart rate was 58 bpm. Respiratory efforts appeared ineffective and 
obstructed. Bag-mask ventilation was difficult, positive pressure was held, however, CO2 was not 
observed on the capnograph, and SaO2 was not rising. Chest compression were initiated, atropine 0.2 
mg and succinylcholine 10 mg was given IV. The baby was re-intubated with a 3.5 micro-cuffed 
OETT. Breath sounds were equal bilaterally and the tube was secured 12 cm at the lip. No air was put 
into the cuff and no airway leak was heard. SaO2 rose to 100% and heart rate remained stable in the 
140s. 
 
What are the possible etiologies of this postoperative, post-extubation “event”? Why is the 
choice of ETT tube once again different? Is it possible that this baby might have long- term 
airway compromise? 
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Model Discussion Content 
 
The incidence of craniosynostosis, the premature fusion of one or more cranial sutures, has been 
estimated to be 1:2000 live births.1 In 80%, craniosynostosis occurs as an isolated condition, and is 
not associated with other abnormalities with a non-genetic etiology. The majority of these simple 
isolated craniosynostoses are probably caused by intrauterine fetal head constraint. In the remaining 
20% of cases, it occurs as part of a syndrome, with more than 130 different syndromes identified. 2 
Syndromic craniosynostosis is usually complex, involving more than one suture, and frequently there 
is an identifiable genetic cause. Syndromic cases are can be associated with other facial bony 
abnormalities and extra-cranial features. Approximately 50% of syndromic craniosynostoses will have 
associated increased intracranial pressure due to the fusion of multiple sutures. Most syndromic 
craniosynostoses show autosomal dominant inheritance, although the majority are the majority are 
attributed to new mutations from unaffected parents. Mutations in genes coding for fibroblast growth 
factor receptors are responsible for the most common syndromes.3 

 
Despite advances in surgical techniques and increasing experience in perioperative medical 
management, the anesthetic management of patients presenting for craniofacial surgery can often be 
quite challenging. Even with significant craniofacial deformities these children are, usually, otherwise 
normal. Their underlying neurodevelopmental status and general health are most often are without 
significant issues. The goal of surgical intervention is to improve the anatomy and geometry of the 
cranium and face and thereby permit normal brain growth. Difficulties arise in craniofacial 
reconstruction due in part to the well-recognized and the frequently unavoidable complications 
associated with this type of procedure in infants. Preparation for potential difficulties and the 
knowledge of the issues related specifically to craniofacial surgery are beneficial in assuring good 
perioperative anesthetic care. Successful perioperative management depends on careful preoperative 
evaluation, meticulous planning of the anesthetic care, collaboration, and open lines of 
communication with the surgical team, and anticipation of the difficulties and complications that may 
arise. Common anesthetic challenges of craniofacial surgery can include: airway issues, positioning 
problems, temperature control, air embolism, local anesthetic toxicity, blood loss and fluid shifts.4, 5 
Airway management can be challenging during craniofacial surgery.6, 7 The choice of: the type and 
size of tube, and how and where to secure the endotracheal tube, poses many problems. An oral RAE 
tube is easy to keep out of the way of the surgeon by securing it to the bottom lip, however if the 
patient is positioned prone (sphinx position) this type of endotracheal tube often kinks, making 
ventilation difficult. A common straight endotracheal tube most likely will prove difficult to secure in a 
manner the will keep it out of the way of the surgeon. However, an advantage to both the straight and 
oral RAE tubes is that even in the smallest sizes, cuffed tubes are available.8 The decision of whether 
or not to use a cuffed endotracheal tube for a small child still remains a current debate.9 One 
advantage of a cuffed endotracheal tube is that the trauma of repeated laryngoscopy, when an 
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endotracheal tube size change is needed, can be avoided. When using a cuffed endotracheal tube, 
traditional teaching dictates that a tube of one-half size smaller should be chosen, due to the larger 
outer diameter, and the cuff inflated to minimal leak. However, newer micro-cuffed endotracheal tubes 
have the same outer diameter as that of an un-cuffed tube of the same size. By choosing this option 
of airway management, positive pressure ventilation is often easier to maintain. Another option for 
endotracheal intubation is a reinforced tube. These tubes are useful because they can be secured 
anywhere, they do not kink, and they are highly flexible. However, they are also very soft and often an 
intraoral extubation may occur, this problem can be avoided by placing a mouth pack that will firmly 
hold the tube in the oral cavity. 
 
The method of securing the endotracheal tube might often prove as challenging as the choice of the 
appropriate tube and size. The tube must not only be secure but it must also be out of the way of the 
surgeons. Significant caudad or cephalad displacement of the endotracheal tube may occur during 
position changes involving neck flexion and extension.10Often, solutions used in the prep will drip 
around the entire face, leading to tape, that has been placed around and near the endotracheal tube, 
to become saturated with liquid and subsequently become non-adherent. One alternative to routine 
taping of the endotracheal tube is to have the surgeon attach an oral tube to the molars with an 
intraoral suture or wire and to suture a nasal tube to the nasal septum. 
 
Postoperative airway complications are also fairly common in craniofacial surgery. Postoperatively, 
the possibility of airway edema and obstruction must be realized. Perioperative airway obstruction can 
be due to the trauma of prolonged and/or repeated intubations as well as aggressive fluid 
management. The presence of a leak around the endotracheal tube prior to extubation is an important 
factor in determining readiness for extubation. 
 
Vascular air embolism (VAE), a potentially life-threatening event, is most likely to occur when the 
head is positioned above the heart and bony venous sinusoids or major dural sinuses are 
opened.11All of these conditions may be present in children undergoing craniofacial surgery. It is 
imperative for all anesthesiologists to be aware of the causes of VAE, its morbidity, diagnostic 
considerations, treatment options, and the adoption of practice patterns that can best lead to 
prevention of this potentially fatal condition.12 The two fundamental factors determining the morbidity 
and mortality of VAE are directly related to the volume of air entrained and the rate of accumulation. 
When dealing simply with air being suctioned by a gravitational gradient, these variables are mainly 
impacted by the position of the patient and the height of the vein with respect to the right side of the 
heart13, 14. 
 
In animal models lethal volumes of air entrained as an acute bolus have been concluded to be 
approximately 0.5-0.75 ml/kg in rabbits and 7.5-15.0 ml/kg in dogs. Extrapolating this data to humans 
is difficult, however, case reports of accidental intravascular delivery of air in adult humans have 
concluded that lethal volumes can be between 3-5 ml/kg.15 In these reports it is suggested that the 
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closer the vein of entrainment is to the right heart, the smaller the volume of air entrained needed to 
be lethal.16 The rate of air entrainment is also of importance, because the pulmonary circulation and 
alveolar interface provide for a reservoir for the dissipation of the intravascular gas. VAE may have 
cardiovascular, pulmonary, and neurologic sequelae. The morbidity is dependent on the rate and on 
the volume of entrained air, other factors such as whether the patient is breathing spontaneously 
(negative thoracic pressure during the respiratory cycle will facilitate the entrainment of air) or being 
mechanically ventilated also can contribute to the seriousness of the event. Improvements in 
monitoring such as measurement of ETCO2 and ETN2 have helped to confirm VAE as a relatively 
common event during surgical procedures, and it remains that neurosurgical procedures retain the 
highest risk of VAE because of: the elevated position of the wound relative to the heart; and the 
numerous large, non-compressed, venous channels in the surgical field. 
 
The detection of an ongoing VAE is a clinical diagnosis, taking into consideration the circumstances. 
In surgical procedures that are performed in positions where the venous vasculature is exposed to 
atmospheric pressure, VAE should be considered immediately if there is unexplained hypotension 
and decreases in the ETCO2. There are few randomized case-control studies that have assessed the 
efficacy and the benefit of specific monitors for VAE;17, 18 however, the modern day use of devices has 
approached a relative standard of practice. Trans-esophageal echocardiography is currently the most 
sensitive monitor for the detection of VAE and precordial doppler is the most sensitive noninvasive 
monitor.19, 20Trans-cranial doppler has been effective in detection of PFO and can be used as a 
screening tool for patients undergoing high-risk procedures. Pulmonary artery catheters, although 
they have been used, are probably far too invasive for a patient who has no other conditions requiring 
its use. ETN2 is the most sensitive gas-sensing VAE detection method, but ETCO2 is the most 
convenient and practical. Desaturation is a late finding of VAE and typically requires a severe 
physiologic disturbance because patients are often exposed to high concentrations of oxygen. 
Management of VAE includes: prevention of further air entry; a reduction in the volume of air 
entrained, if possible; high concentration (100%) oxygen; re-positioning the patient to reduce embolic 
obstruction (partial left lateral decubitus and Trendelenburg positions); aspiration of air from the right 
atrium (which has very little success); and hemodynamic support.21, 22, 23 

 
Often craniofacial surgery is performed on infants and young children with small blood volumes, thus 
a relatively small blood loss may actually represent a significant portion of the child’s blood volume 
and result quickly in hemodynamic compromise. In addition, in these cases blood loss can be difficult 
to assess, due to blood being absorbed in to the surgical drapes and gowns. The determination of 
fluid and blood replacement should be guided by monitoring of vital signs, urine output and serial 
ABGs. Cell Saver techniques are not overly useful since the absolute volumes of blood loss in infants 
is often not enough to obtain a useful volume for the cell saver, as well as collection is difficult when 
the operative field is the head. 
 
It can be expected that blood loss in craniofacial surgery in an infant will be at one blood volume or 
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greater. From a mathematical standpoint it can be predicted that the replacement of one blood volume 
by PRBCs mixed with crystalloid would result in the reduction of circulating coagulation factors by 
70% (less that 30% of normal), which is a level consistent with coagulopathy. Dilutional 
thrombocytopenia can also occur in patients receiving massive transfusions. However, the degree of 
dilution is predictable; approximately 35 to 40% of platelets usually remain following replacement of 
one blood volume. Given the likelihood of coagulopathic states in children undergoing craniofacial 
surgery, with massive blood transfusion, it is reasonable and useful to dilute PRBCs with FFP (in a 1:1 
ratio) and not with 0.9% NS, however children with a normal preoperative platelet count usually do not 
require platelet transfusion until two blood volumes or more are lost. 
 
Hyperkalemia and hypocalcaemia are other significant risks of massive transfusion in small children. 
Hyperkalemia could potentially be problem when either whole blood or RBCs that have been stored 
for three weeks or more is rapidly administered (2.0 to 2.5 mL/kg/min) because of the high potassium 
levels associated with these products. Hypocalcaemia (manifested by hypotension and a narrow 
pulse pressure) is often problematic in small children when citrated blood products are used, since the 
citrate binds calcium. Dangerous ionized hypocalcaemia can be avoided by exogenous calcium 
administration. Other risks of transfusion that should not be overlooked include: transfusion-
transmitted diseases and noninfectious complications of transfusion. For the past 20 years, the overall 
risk of transfusion-transmitted viral disease has been reduced, and currently, blood and blood 
component products are safer than ever. Transfusion-related acute lung injury is a life- threatening 
complication that presents as acute respiratory distress syndrome after recent blood transfusion. The 
immune basis of this transfusion reaction is usually caused by an incompatibility of the recipient white 
cells and donor human leukocyte antigen (HLA) antibodies. 
 
Finally, it must be realized the craniofacial surgery involves teamwork. There must be direct and open 
conversations between the anesthesiologist, plastic surgeon and neurosurgeon. These operations are 
complex and the pitfalls must be anticipated and planned for in advance. 
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