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Introduction
Endoscopic Strip Craniectomy (ESC) is effective for correction of non-syndromic sagittal 

craniosynostosis in cases with early diagnosis. When compared with open Cranial Vault 
Remodeling (CVR) for this procedure, ESC is associated with reduced operating times, length 
of stay, lower rates of transfusion and decreased overall morbidity and mortality [1-3]. The most 
important consideration for ESC suitability is age at presentation [1]. At our institution, 2 to 3 
months is the ideal age range for endoscopic repair. These cases are routinely performed with an 
inhaled anesthetic-opioid technique [3]. We present a case in which a 9-month-old underwent 
an opioid-free and paralytic-free anesthetic for open cranial vault remodeling. This approach was 
following anaphylaxis after induction of anesthesia with aborted endoscopic strip craniectomy at 
8 weeks of age; the diagnosis was made with suggestive skin prick and intra dermal testing. This 
alternative anesthetic approach at 9 months of age was carried out safely and successfully, with result 
comparable to peers undergoing the same surgery in terms of length of stay and post-operative 
medication consumption.

Case Presentation
Parental written informed consent was obtained for patient inclusion in this report.

First surgery and subsequent management
An 8-week old 5 kg male with non-syndromic sagittal synostosis presented for cranial vault 

remodeling via an endoscopic strip craniectomy. The patient was the product of a 37-week 
dizygotic-twin pregnancy, delivered via cesarean section with an uncomplicated and routine 
nursery course. His preoperative work up revealed no evidence of increased intracranial pressure or 
cardiopulmonary anomalies. Parents reported no known drug or food allergies. His medical history 
was otherwise unremarkable and he was not on any medications. The infant was transferred to 
the operating room, standard ASA monitors were attached, and general anesthesia was induced 
with N2O/O2 (70%/30%) mixture followed by sevoflurane titration. Intravenous access was 
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obtained followed by rocuronium 0.6 mg/kg and fentanyl 1 µg/kg 
to facilitate endotracheal intubation. Arterial access was obtained 
for hemodynamic monitoring and repeated laboratory assessment. 
Following intubation he was ventilated using volume control auto-
flow with tidal volumes of 6 ml/kg, and a respiratory rate titrated to an 
end-tidal carbon dioxide concentration of 35 mmHg to 38 mmHg. At 
this time his hemodynamic profile reflected a blood pressure of 77/43 
mmHg, Mean Arterial Pressure (MAP) of 54 mmHg, heart rate of 132 
bpm, and pulse oximetry of 100%. Maintenance of anesthesia included 
inhaled isoflurane and a remifentanil infusion at 0.3 mcg/kg/min. A 
tranexamic acid bolus of 30 mg/kg followed by an infusion of 1 mg/
kg/hr, was initiated to reduce intraoperative blood loss. A precordial 
doppler was used for venous air embolism monitoring. The patient 
was arranged in the sphinx position with the head of the bed rotated 
90° from the anesthesia work station (Figure 1). The skin was prepped 
with ChloraPrep (CareFusion, El Paso, TX) chlorohexidine-based 
solution. Cefazolin 30 mg/kg was administered over 3 min. Within 
2 min of antibiotic administration, the patient became hypotensive 
to 32/20 mmHg. Peak airway pressures increased from 15 cm to 27 
cm H20 following desaturation from 100% to 92%. Auscultation of 
the chest revealed bilateral wheezing. Albuterol (5 metered puffs) was 
administered via the endotracheal tube followed by a 1 mcg/kg bolus 
of intravenous epinephrine, and 15 ml/kg of IV fluid for suspected 
bronchospasm with hemodynamic compromise. Oxygenation and 
perfusion briefly improved with a blood pressure of 68/35 mmHg, 
pulse oximetry of 97% and a peak airway pressure of 16. However, 
this response was short lived and within 2 min bronchospasm with 
cardiovascular compromise recurred. Epinephrine was administered 
in five doses of 3 mcg/kg to 5 mcg/kg followed by an infusion of 
0.05 mcg/kg/min to sustain MAPs of 50 mmHg. Removal of the 
drapes revealed no skin changes. Laboratory data and fluid status 
did not reveal any source for the persistent hemodynamic collapse. 
Diphenhydramine 1 mg/kg and dexamethasone 0.5 mg/kg were 
administered. A tryptase level was drawn 17 min after the onset of 
hypotension, which was normal. The patient remained intubated 
and was taken to the intensive care unit for further stabilization and 
workup of suspected anaphylaxis to cephazolin. Repeat tryptase level 
obtained 6 hr after symptom onset was again normal. Allergy and 
immunology consultation recommended skin prick and intra dermal 
testing at least 4 to 6 weeks from the reaction. Percutaneous Skin 
Testing (PST) and Intra Dermal Testing (ID) performed at 4-months 
of age showed negative antibiotic but positive fentanyl reactivity 
(Table 1). However, at the time of initial testing, the patient had an 
upper respiratory infection which is known to confound the results 
of allergy testing. Repeat allergy testing at 5 months old showed 

reproducible reactivity to synthetic and non-synthetic opioids and 
positivity to neuromuscular blocking agents. A third test at 7 months 
of age including ketamine was performed with inconsistent results 
(Table 1). However, cefazolin was again negative. Recommendation 
was to avoid opioids and neuromuscular blocking agents for the 
scheduled open cranial vault remodeling procedure.

Second surgery
The patient returned for an open cranial vault remodeling at 

9-months of age (10 kg) for which the anesthetic plan was to avoid 
opioid and paralytics. Preoperatively, he received nebulized albuterol 
along with intravenous diphenhydramine 1.25 mg/kg, ranitidine 1 
mg/kg and solumedrol 1 mg/kg. Intravenous induction of anesthesia 
and endotracheal intubation was achieved using lidocaine 2 mg/kg, 
propofol 2 mg/kg, ketamine 2 mg/kg and dexmedetomidine 0.5 mcg/
kg. Anesthesia was maintained with infusions of ketamine 15 mcg/
kg/min, propofol 75 mcg/kg/min, and dexmedetomidine 1 mcg/kg/

Figure 1: Sphinx position.

4 months old 5 months old 7 months old

PST ID PST ID PST ID

Histamine 3/30 NP 3/25 NP 5/25 NP

Saline 0/0 0/0 0/0 2/2 0/0 0/0

Cefazolin 33 mg/ml 0/0    0/0  

Cefazolin 0.22 mg/ml  0/0    0/0

Chlorhexidine 5 mg/ml 0/5      

Chlorhexidine 2 mcg/ml  0/0     

Clindamycin 15 mg/ml 0/0    0/0  

Clindamycin .15 mg/ml  0/0    0/0

Fentanyl 50 mg/ml 0/0    0/0  

Fentanyl 50 mcg/ml      0/0

Fentanyl 5 mcg/ml  4/20    0/0

Rocuronium 10 mg/ml 0/0    0/0 2/25

Rocuronium 100 mcg/ml  0/0    0/0

Vancomycin 0.005 mg/ml 0/0 0/0     

Betadine full strength 0/00 NP     

Cistatracurium 2 mg/ml   0/0  0/0 7/35

Cistatracurium 20 mcg/m1    3/15  0/0

Hydromorphone 10 mcg/ml   0/0    

Hydromorphone 100 mcg/m1    10/30   

Morphine 1 mg/ml   2/13    

Morphine 10 mcg/ml    10/30   

Propofol 10 mg/ml   0/0    

Propofol 1 mg/m1    0/5   

Remifentanil 0.0 5 mg/ml   1/8  0/0  

Remifentanil 0.005 mg/ml    6/18  0/0

Vecuronium 4 mg/ml   1/4    

Vecuronium 0.4 mg/ml    8/15   

Ketamine 10 mg/ml     0/0  

Ketamine 1 mg/ml      8/30

Table 1: Percutaneous and Intradermal Skin Testing.
PST: Percutaneous Skin Testing; ID: Intradermal Skin Testing for medications; 
skin test wheal size (top number) and flare (bottom number) measured in 
millimeter. Positive test results are in RED; a positive test is a wheal size 3 mm 
larger than the negative saline control. NP: Test not performed.
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min in addition to 0.5 minimum alveolar concentration of inhaled 
sevoflurane. Following the open sagittal synostectomy and cranial 
vault remodeling he was extubated awake and taken to the recovery 
unit. FLACC scores were 0-2 over the first 24 hr post operatively. 
Following an uneventful hospital course, he was discharged on post-
operative day 2 with acetaminophen and ibuprofen as needed.

Discussion
The recognition and management of anaphylaxis associated with 

general anesthesia is well described [4-8]. The European registry 
estimates an infant anaphylaxis prevalence of 0.9%. The incidence 
of infant anaphylaxis associated with anesthetic agents remains 
unknown. However, opioids and NMBAs are known triggering 
agents [6,7,9]. PST cannot predict anaphylaxis, and drug  challenge 
is the gold standard to determining sensitivity. While ID is more 
sensitive than PST, the induced wheal may be smaller in infants <6 
months of age [9,10]. However, after 1 month of age, there is usually 
some reactivity to both reagents. NMBA skin testing has a sensitivity 
of >95% and specificity of 96% to 98%, therefore there is a small risk of 
false positives and negatives. Opioids are mast cell destabilizers, and 
as such there is high risk for false positives on skin testing. Our patient 
demonstrated negative PST to opioids on all three tests, but positive 
ID opioid reactivity at 4 and 5 months of age. Likewise, his first test was 
negative for NMBA reactivity with PST and ID reagents but positive 
for ID reactivity on tests at 5 and 7 months of age. Additionally, we 
were unable to determine if these reactions were truly IgE mediated 
and hence suggestive of anaphylaxis versus anaphylactoid. With the 
confounding factors of an upper respiratory infection at 4 months, 
and the inconclusive results on PST and ID reagents, we opted to 
avoid NMBAs and opioids. After multidisciplinary discussion, we 
chose to use ketamine despite the positive ID at 7 months given 
the need for some opiate alternative for intraoperative analgesia; 
and with the thought that antihistamine-steroid premedication 
might abate potential allergic response. The goal of non-syndromic 
sagittal craniosynostosis repair is to allow for correction of the 
scaphocephalic head shape. The endoscopic approach to repair has 
reproducibly demonstrated decreased morbidity and mortality when 
compared to open CVR [1,3]. Comparatively, open repair is typically 
associated with longer surgical operating times, longer hospital stay, 
increased blood loss, and higher rates of blood product transfusion 
[1]. Age, bone thickness, brain growth and trajectory along the 
growth curve can be factors under consideration for the optimum 
timing for surgery. While there is no consensus on the age cutoff 
for endoscopic strip craniectomy, many centers use 2 to 3 months 
as the ideal timeframe, with some up to 5 to 6 months of age [1,2]. 
At our institution, we consider 2 to 3 months as the ideal age with 
a cutoff of 4 months. Given the time required for complete allergy 
evaluation, our patient exceeded the age of endoscopic consideration. 
Recently published data from the pediatric craniofacial working 
group reflects that nearly all craniosynostosis surgeries are managed 
with an inhaled anesthetic-opioid technique [3]. Our institutional, 
protocol includes an anesthetic-opioid technique, with routine use of 
NMBAs. Borrowing from the opioid-free anesthetic technique we are 
using as part of an enhanced recovery pathway for major urologic 
procedures, we chose to incorporate a multimodal approach [11]. 
Utilizing a combination of ketamine, dexmedetomidine, propofol 
and acetaminophen we eliminated perioperative opioid consumption 
and saw a 50% reduction in length of hospital stay, when compared 
to national averages for open CVR [3]. An opioid free technique may 
provide a reasonable alternative in patients undergoing cranial vault 

remodeling, potentially as part of an enhanced recovery pathway. 
Studies are needed to explore the role of an opioid-free balanced 
anesthetic technique for pediatric craniofacial surgery [12-14].
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