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Introduction

Klippel–Feil syndrome (KFS) is a rare autosomal dominant
congenital anomaly characterized by failure of segmentation
process of cervical vertebrae leading to their nonfusion.1,2

Awake flexible fiberoptic (FFO) intubation is the gold
standard to secure the airway. We report an alternate
approach of securing the airway in a KFS patient posted
for revision cervical spine surgery with the combined use
of transnasal humidified rapid-insufflation ventilatory
exchange (THRIVE) and C-MAC videolaryngoscope, thereby
avoiding awake intubation.

Case Report

A 50-year-old male patient with KFS with cervical myelopa-
thy had undergone C3-C4 laminectomy, partial C2 decom-
pression with lateral mass fixation. On postoperative day 4,
he underwent cervical implant removal due to development
of neurological deficits. In view of persistent symptoms, he
was planned for revision robotic-assisted C2-C4 laminec-
tomy and fusion at our institute.

While details of previous airway management were
unavailable, the discharge summary mentioned elective
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Abstract Klippel–Feil syndrome (KFS) is a rare autosomal dominant congenital anomaly
characterized by failure in fusion of the cervical vertebrae. There have been no case
reports describing the use of a combination of transnasal humidified rapid-insufflation
ventilatory exchange (THRIVE) and C-MAC videolaryngoscope in the airway manage-
ment of an adult patient with KFS. Our patient was a 50-year-old male diagnosed with
KFS posted for revision robotic-assisted cervical C2-C4 laminectomy and fusion. He was
successfully intubated with the help of THRIVE and C-MAC videolaryngoscope. During
induction and intubation, saturation remained above 96%. At the end of surgery,
patient was extubated after satisfying all difficult airway extubation criteria. THRIVE
and C-MAC videolaryngoscope have been promoted for use in anticipated difficult
airway scenarios. We report the first successful usage of THRIVE and C-MAC video-
laryngoscope to secure the airway in a patient with KFS.
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postoperative mechanical ventilation for 2 days following
first surgery.

Airwayexamination revealed short-webbedneck, low lying
posteriorhairline, large tongue, andMallampati score– class 3.
Thyromental distance was adequate with a fixed flexion
deformity attributed to KFS and aggravated by previous cervi-
cal fusion surgery; however, mask ventilation seemed possi-
ble. Cervical X-ray (lateral flexion/extension) showed C3-C6
vertebral body fusion, no atlantoaxial joint instability
(►Fig. 1). Computed tomography sagittal spine confirmed
C3-C6 vertebral body fusion, no basilar invagination.

Weplanned to secure the airwaywith initiation of THRIVE
technique followed by C-MAC videolaryngoscope-assisted
intubation after induction of general anesthesia. Written
informed consent was taken.

The operation theater was kept ready with all difficult
airway equipment. Standard American Society of Anesthesi-
ologists monitors and entropy and neuromuscular transmis-
sion monitors (GE HealthCare Technologies, Inc., United
States) were used. Intravenous access was secured and
balanced crystalloid solution infusion was started. Preoxy-
genation for 5minutes was commenced at 20 L per minute
(L/min) via Optiflow THRIVE (Fisher and Paykel Healthcare
Limited, New Zealand). Premedication included intravenous
palonosetron 75 µg and intravenous pantoprazole 40mg.
Gradually, as the patient was induced with intravenous
lignocaine 80mg, fentanyl 125 µg, and sleep dose of intrave-
nous propofol, THRIVE flows were increased to 40 and then
60 L/min. Intravenous rocuronium 1mg per kg was admin-
istered for muscle relaxation. Once the train-of-four (TOF)
count of zero was achieved, the C-MAC videolaryngoscope
(Karl Storz, Karl Storz SE & Co. KG, Tuttlingen, Germany) was
introduced into the oral cavity with the head in neutral
position. The Cormack–Lehane gradewas 2b.We railroad the
endotracheal tube over a bougie to limit neck movements
(►Fig. 2). Following intubation and confirmation of airway,

ventilation was commenced and THRIVE nasal cannula was
removed. Throughout the perioperative period oxygen satu-
ration was above 96%. Invasive arterial access, additional
intravenous access, and temperature monitoring were initi-
ated postintubation. Maintenance of anesthesia was with
total intravenous anesthesia (TIVA) using intravenous pro-
pofol (50–150 µg/kg/h) titrated to entropy of 40 to 50 with
analgesic intravenous fentanyl (1 µg/kg/h). Mechanical ven-
tilation was with 1:1 mixture of oxygen:air (FiO2 50%),
pressure-controlled ventilation adjusted to an end-tidal
carbon dioxide of 30 to 35mm Hg.

Patient was meticulously positioned prone to avoid any
neckmovements. At the end of surgery TIVAwas titrated and
stopped after supination. Residual neuromuscular blockade
was reversed once TOF count was more than 2 with intrave-
nous sugammadex 2mg/kg. Patient was extubated once
awake and satisfying the difficult airway extubation crite-
ria.3 Postoperatively, patient was stable and discharged after
48 hours with no neurological complications.

Discussion

Airway management in KFS patients remains a challenge due
to cervical spine instability. FFO intubation requires patient
cooperation, anesthesiologist expertise, and bloodless field,
and can fail in patients with unstable upper cervical spine
pathology, due to displaced or difficult-to-access larynx
secondary to spinal deformity.4,5

The use of newer airway devices like C-MAC videolar-
yngoscope as an alternate to FFO has shown to be as effective
and safe in securing the airway and in a lesser time period.6

While Wong et al demonstrated a greater cervical move-
ment with Lo-Pro GlideScope as compared with flexible
bronchoscopy, they also cautioned on themeasurable cervical
movement with airway maneuvers performed to facilitate
Fibreopticbronchoscopy (FOB), especially jaw thrust.7

Fig. 1 Lateral (A) extension and (B) flexion radiographs showing no movement at the cervical block vertebrae.
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To assuage our patient’s apprehension while coming for
his third cervical surgery, we decided to secure his difficult
airway under general anesthesia. Due to factors like difficult
airway, revision surgery, and preexistent cervical instability,
care was taken to keep the head in neutral position. The use
of THRIVE allowed us the added margin of safety with
increase in the safe apnea time to comfortably secure the
airway.8 C-MAC use helped us avoid any airway maneuvers
such as tongue pull and jaw thrust that is a prerequisite
during awake FFO and can cause significant cervical spine
movement as shown in cadaveric studies.9

While the combined use of THRIVE and C-MAC videolar-
yngoscope intubation helped maximize our success, we were
preparedwith backup options such as plan B (the use of FFO in
the event C-MAC laryngoscopy fails) and plan C (the use of a
hybrid technique combiningbothC-MACandFFO).Neuromus-
cular blockade with rocuronium allowed a stable airway for
instrumentation along with the TOF monitoring, thereby
minimizing any airway injury and hemodynamic perturba-
tions. The full reversal dose of sugammadex for rapid reversal
of profound neuromuscular block in the event of a “cannot
intubate, cannot ventilate” situation was kept ready in the

operation theater. The presence of ear, nose, and throat
surgeons on call was also sought prior to start of induction.

Onemust be aware of the complications of THRIVE such as
hypercapnia which can lead to cardiovascular complications
and respiratory acidosis which has been found to be inde-
pendent of the flow rate (between 0.25 and 70 L/min).10

Lastly, we recommend that there needs to be further
studies on use of both modalities in KFS patients as we are
unable to draw inferences which can be extrapolated to a
larger population from a single case report.

Conclusion

THRIVE when used with CMAC can increase the margin of
safety while securing the airway in patients with KFS. We
recommend that there needs to be further studies on use of
both modalities in KFS patients as we are unable to draw
inferences which can be extrapolated to a larger population
from a single case report.
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Fig. 2 (A) Clinical photos showing limited neck extension. (B) High-flow nasal cannula applied prior to induction for transnasal humidified rapid-
insufflation ventilatory exchange (THRIVE) (C). Use of C-MAC videolaryngoscope with neck in neutral position (D). Image of C-MAC monitor
showing bougie inserted into the trachea. (E) Railroading of the flexometallic endotracheal tube via bougie under vision.
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