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ABSTRACT

Arnold-Chiari malformation is a very uncommon array of deformities in the posterior part of the cranium and hindbrain
caused due to abnormal extension of the posterior brain into the spinal canal. Chiari malformation is further divided into
subtypes 1, 2, and 3. The latter two are more common in pediatric forms and present at birth. The severity of symptoms
depends upon the extent of herniation of the hindbrain due to herniation of the cerebellum through the foramen of the
cranium. Also, there have been instances of absence of cerebellum. Multiple associated disorders like hydrocephalus due to
increased intracranial pressure, then encephalocele, syrinx, or spinal deformity in the form of scoliosis have been presented
in many cases. All these factors thus become a challenge to anesthesiologists for such patients. Hence evidence-based
knowledge along with multidisciplinary, well-planned approach is required for its management
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1. INTRODUCTION

The Arnold-Chiari malformation is characterized by herniation of the cerebellum, pons, and medulla oblongata leading to
multiple symptoms, including intracranial and extracranial defects [1,2]. The etiology of the malformation is not exactly
known, but varied theories have been proposed, including molecular, hydrodynamic, and mechanical mechanisms [3]. A
smaller cranium leading to reduce volume causes downward displacement of the cerebellar tonsils out of the cranium through
the foramen magnum in type | malformation. All these can be attributed to primary congenital hypoplasia or acquired
morphological abnormalities like early closure of sutures or dysplasia, which has been seen in populations with chromosome
1 and 22 mutations leading to hereditary posterior fossa hypoplasia [4]. The cause of signs and symptoms is said to be due
to direct compression of surrounding neural structures, including the spinal cord, and cerebrospinal flow obstruction leading
to syrinx formation, which further causes pressure symptoms on the expansion of the cavity. Another factor attributing to
the condition is the underdeveloped abnormal bone, leading to the prediction of space and herniation [3]. The patients usually
present with headaches and neck pain, which increases when performing the Valsalva manoeuvre. Patients also present with
ocular symptoms, hearing loss, vertigo, ataxia, sleep apnoea, and fatigue. The severe stage of the disease also shows
myelopathy leading to difficulty in deglutition and loss of pain and temperature in some patients. Major diagnostic tools for
evaluation include magnetic resonance imaging (MRI) and routine blood investigations. The mainstay of treatment is surgery,
where posterior fossa decompression is done, and a shunt is placed to drain the syrinx [4].

Case study

A 7-year-old male of 27 kg weight came to CN Center, Gauhati Medical College and Hospital with Progressive swelling
over the head and difficulty swallowing and speaking since birth. The patient complained of difficulty swallowing more
solids than liquids and speaking. The Swelling over the head had a circumference of 48cm.
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Further investigations revealed Obstructive Hydrocephalus and the child was planned for Right Medium Pressure
Ventriculoperitoneal Shunt after clearing Pre-Anaesthetic Checkup.
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Fig 1: Patient with difficult Airway

In the preoperative period, nill by mouth (NBM) was confirmed, informed written consent for anaesthesia was taken and he
was shifted to the operating room. Monitors were attached and vitals were noted. Two cannula 22G were secured, and
preoxygenation was done with 100% oxygen. Premedication with Glycopyrolate (5mcg/kg), fentanyl (1 mcg/kg) IV, Inj
Ondansetron (0.1 mg/kg), induction agent Inj Propofol (2 mg/kg) 1V, and Inj Atracurium (0.1 mg/kg) were given. Direct
Laryngoscopy was done and the patient was intubated with a size 5 Flexo metallic tube and proper placement was confirmed
by auscultation and ETCO2. The tube was fitted at 14 cm from the lips. The patient was kept on ventilation mode with
volume control mode, and tidal volume was set at 8mL/kg, respiratory rate at 18 breaths per minute, and FiO2 at 50%.

Bispectral index (BIS) monitor electrodes were connected. The patient was put into a supine position and proper positioning
was checked. Anaesthesia was maintained with O2 and air and Sevoflurane. A fentanyl bolus dose of 1 mcg/kg was given
every hour. Strict BP monitoring was done. IV fluid was replaced according to requirement. Around 200 mL of urine output
were observed. The total duration of the surgical procedure was 30min. After completion of the surgical closure, propofol
infusion was stopped. After the patient had signs of spontaneous breathing, thorough oral suctioning was done. The
inhalational agent was stopped, and muscle relaxation was reversed with Neostigmine (0.5 mg/kg) with glycopyrrolate (0.1
mg/kg). After the patient had spontaneous eye opening and followed commands, the balloon cuff of the endotracheal tube
was deflated, and the patient was extubated. The patient was shifted to ICU and kept on oxygen support for observation.
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Fig 3: Patient on Post Operative Day 2

2. DISCUSSION

The Arnold-Chiari malformation (ACM) type | comes with an array of challenges for the anaesthesiologist including (1)
skeletal deformity at the craniovertebral junction, (2) autonomic dysfunction, (3) abnormal response to neuromuscular
blocking agents, and (4) increased intracranial pressure. The goal of anaesthesia management for such patients has to be
intensely addressing all aspects of the syndrome. In our case, we took thorough history and examination as the first step for
anticipating challenges witnessed during the perioperative period. We looked for anatomical abnormalities and also assessed
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the respiratory, cardiovascular, and neurological functions of the patient. As autonomic dysfunction is well recognized in
patients with ACM |, which can result in hemodynamic instability, hypotension, hypoxia, and hypercarbia in the
intraoperative and postoperative period [5]. We prepared radial artery canulation for invasive blood pressure monitoring, and
arterial blood gas analysis, for correction. Also, a warming blanket was put for temperature regulation. ACM | patients
present with skeletal abnormalities such as atlanto-axial or atlanto-occipital fission and scoliosis, which causes difficulty in
intubation; similarly our patient also had scoliosis and limitation of neck extension for which patient required video
laryngoscope-assisted intubation. BIS monitoring was also placed for the measurement of sensitivity to neuromuscular
blocking agents with train of four assessment and depth of anaesthesia and to prevent overdosing on muscle relaxants.
Another concern in our patient was raised intracranial pressure, which could increase due to multiple reasons, including
laryngoscopy response, positioning, inadequate analgesia, and drugs used during anaesthesia, hence proper consideration
was done to overcome all the risk factors. Drugs such as ketamine were avoided for the same reason, also, emphasis was
given to neuroprotective agents such as thiopentone for induction, and inhalational agents such as sevoflurane were preferred.
Also, normocapnia was maintained throughout the surgery to avoid any rise in intracranial pressure, and peak airway pressure
was maintained at 25 mmHg. The reversal of neuromuscular blockade and activation was done cautiously after assuring the
return of spontaneous respiratory function and the presence of airway protective reflexes. Sometimes patients of ACM |
show absence of adequate breathing efforts or airway reflexes, the extubation in such patients should be delayed and weaning
should be advised. In the postoperative period, patients can present with cardiac or respiratory failure because of autonomic
dysfunction, hence our patient was kept in neurological intensive care unit for strict monitoring for at least 48 h
postoperatively [6].

3. CONCLUSION

The anaesthetic management of patients with ACM undergoing surgical management is complex and requires preparedness
and careful attention to avoid complications leading to morbidity and mortality. The key message of the study is that ACM
I along with its complications, such as difficult airway, increased intracranial pressure, and autonomic dysfunction, makes it
very challenging and requires well-structured and disciplined management by combined anaesthesiology, neurology, and
neurosurgery approach which emphasize on preoperative, intraoperative, and postoperative complications and its timely
management
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