orphan Y

Anaesthesia recommendations for

Fibrodysplasia ossificans progressiva

Disease name: Fibrodysplasia ossificans progressiva
ICD 10: M61.1
Synonyms: FOP, Minchmeyer's disease, Stone Age Man Disease

Disease summary: Fibrodysplasia ossificans progressiva (FOP) is a rare, progressive, and
disabling autosomal dominant disorder of extraskeletal endochondral ossification, with
complete penetrance but variable expression. FOP occurs with a prevalence of 0.36 to 0.61
per million. There are no predisposing ethnic or geographic factors. The current estimated
number of patients is 2500, of whom 600 are known.

All muscles can be affected, except for the diaphragm, tongue, extraocular, and laryngeal
muscles which are spared from heterotopic ossification; cardiac and smooth muscles are also
not affected. Individuals with FOP appear normal at birth except for malformations of the great
toes (Hallux valgus, shortening of the first ray, monophalangism). During the first decade of
life, inflammatory soft tissue swellings, also known as flare-ups, transform skeletal muscles
and connective tissues into a second skeleton of heterotopic bone that progressively
immobilizes all of the joints of the axial and appendicular skeleton. Flare-ups may occur
spontaneously but can be precipitated by misplaced venipuncture, soft tissue injury, muscle
fatigue, intramuscular injection, biopsy or excision of heterotopic bone, viral illnesses, routine
dental therapy, and injection of local anaesthetics during dental procedures.

Pathophysiologically, FOP is associated with alterations in the ACVR1 gene (activin type 1
receptor, also called ALK2), which encodes the receptor for the bone morphogenetic protein
(BMP). A predominant mutation ¢.617G > A (p.Arg206His), found in about 90% of patients, is
associated with the "classic" forms: abnormal first toe, first muscle ossification before age 10,
and minor extramuscular or extraosseous signs. In 2009, atypical forms were described,
referred to as FOP "variant” and FOP "plus.” "Variant" FOP is characterized by normality of
the great toes or, in contrast, severe impairment of the fingers. The "plus" forms are defined
by the combination of a classic FOP with other signs (marfanoid appearance, central nervous
system malformations, craniopharyngeomas and brainstem gliomas, endocrine disorders,
ophthalmologic, dental and urogenital anomalies, aregenerative anemia).

All sporadic and familial cases of FOP have heterozygous activating mutations in activin
receptor IA/activin-like kinase-2 (ACVR1/ALK2), a receptor for type | bone morphogenetic
protein (BMP).

Disease flare-ups are episodic; immobility is cumulative and irreversible. Heterotopic
ossification usually begins by ten years of age with neck and shoulder involvement. The
temporomandibular joints may be involved early and are vulnerable to trauma at any age. The
median lifespan is 40 years; death results most commonly from complications of thoracic
insufficiency syndrome or pneumonia. A few deaths have been attributed to complications of




general anaesthesia. At the present time, no medical or surgical intervention can alter the
natural course of FOP. Anaesthetic management for patients with FOP is challenging. Cervical
spine fusion, ankylosis of the temporomandibular joints, thoracic insufficiency syndrome,
restrictive chest wall disease, and sensitivity to oral trauma complicate airway management
and anaesthesia.

Possible future treatment of FOP will likely rely on interventions that modulate the overactive
ACVR1/ALK2 pathway or specifically block postnatal heterotrophic enchondral ossification.
Current treatment focuses on early diagnosis, careful avoidance of injury or iatrogenic damage,
symptomatic relief of painful episodes, and optimization of residual function.

Medicine is in progress
Perhaps new knowledge
Every patient is unique

Perhaps the diagnosis is wrong

Find more information on the disease, its centres of reference and patient
- organisations on Orphanet: www.orpha.net
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Emergency information

Difficult mask ventilation, limited mouth opening,
AIRWAY / oropharyngeal fusion, restrictive lung disease,
ANAESTHETIC awake nasal fibre-optic intubation is advised,
TECHNIQUE regional anaesthesia is contraindicated

HANDLE WITH CARE

I YIRS increased risk of thrombo-embolic complications

(COAGULATION)

CIRCULATION

Premedication should be avoided, promethazine or
clonidine may represent alternative preparations

D DRUGS succinylcholine should be avoided (risk of
hyperkalaemia)
cortisone supplementation

' EQUIPMENT

Typical surgery

Numerous anaesthetics for dental rehabilitation, teeth extractions, and oral abscess drainages
have been reported. Less common surgeries that have been reported include dilation and
curettage, eye evisceration repair, femur and spine fracture correction, hysterectomy, pelvic
mass excision, craniotomy for brainstem lesion, and osteomyelitis debridement.

Surgeries undertaken to correct complications caused by heterotopic bone formation are not
advised unless the deformity is extraordinarily life or limb threatening. Interventions to correct
bony formations and joint deformations often result in worsening of the disease due to reactive
heterotopic bone formation at the surgical sites. FOP patients have, however, undergone
successful corrective surgeries for chin-on-chest deformity, thoracic spinal canal stenosis,
ulna-carpal bar, and hip ankylosis. These surgeries can be technically challenging and have
been known to result in large amounts of blood loss. Furthermore, any surgery where
connective tissue is manipulated may result in postoperative heterotopic ossification. Risks
and benefits must be carefully weighed before proceeding with surgeries.

Type of anaesthesia

FOP patients often have temporomandibular joint ankylosis and cervical spine fusion; their
airways can be difficult to manage. Three cases of perioperative “cannot ventilate, cannot

w
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intubate” situations have been reported. Sedation should be performed with extreme caution,
and general anaesthesia with an endotracheal tube is recommended. Traditional airway
manoeuvres (i.e. jaw thrust) to alleviate obstruction or mask ventilation may not be successful.
Laryngeal mask airway placement may be impossible in cases of limited mouth opening.
Patients with restrictive lung disease may have limited physiological reserve. Additionally,
direct laryngoscopy with a blade may traumatize temporomandibular joints and cause a flare-
up, which may permanently decrease mouth opening. For the above reasons, an awake nasal
fiberoptic intubation before induction of general anesthesia is advised.

Neuraxial anaesthesia is contraindicated in FOP patients due to the risk of heterotopic
ossification in the spinal cord area triggered by trauma from spinal or epidural needle insertion.
Regional anesthesia is relatively contraindicated; heterotopic ossification surrounding the area
of needle placement is a concern. A successful and uncomplicated ultrasound-guided ankle
block has been performed in an FOP patient. The anaesthesiologist limited local anesthetic
injection to the epifascial tissue layer. Regional anesthesia may be a reasonable choice if the
technique does not disrupt skeletal muscles or connective tissues, which are susceptible to
pathologic ossification.

Routine injections of local anesthetic for dental procedures, especially mandibular blocks,

should not be used because they have been shown to precipitate flare-ups and cause fusion
of the temporomandibular joints.

Necessary additional pre-operative testing (beside standard care)

FOP patients are susceptible to restrictive lung disease, pneumonia, thoracic insufficiency
syndrome, and right-ventricular heart failure. Depending on the functional status of the patient
and the risk level of the surgery, pulmonary and cardiac evaluations may be necessary to guide
management decisions.

Chest radiographs can provide evidence of atlantooccipital instability or deformity. In addition,
pulmonary infections can be detected.

There is an indication for quantification of lung function and gas exchange (spirometry, blood
gas analysis, CO diffusion capacity).

Routine biochemical tests are usually normal, although serum alkaline phosphatase activity
and erythrocyte sedimentation rate (ESR) may be elevated, especially during a flare-up of
disease. Elevation of C-reactive protein is a specific test for monitoring the acute inflammatory
phase of heterotopic ossification or other occult infections.

Preoperative anamnestic assessment of exercise capacity (metabolic equivalent) is often not
possible in immobilized patients.

Particular preparation for airvay management

There have been three reported cases of anaesthesia providers not being able to ventilate or
intubate an FOP patient. The recommendation is that an awake, nasal fibre-optic intubation
before induction of general anaesthesia be considered the preferred, primary approach. This
recommendation is based on: 1) frequently challenging airway anatomy and 2) the potential
risk of trauma and heterotopic ossification of the temporomandibular joints from overstretching
of the jaw with direct laryngoscopy.
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Successful tracheal intubations after induction of general anaesthesia and using a video-
laryngoscope have been reported. These patients had normal mouth opening and care was
taken not to overstretch their jaws. Patients must be carefully selected for this technique. The
extent of jaw movement should be measured preoperatively and should not be exceeded
during airway instrumentation.

Preoperative bronchoscopic assessment of the supraglottic and infraglottic airway may be
helpful in planning intraoperative airway instrumentation. Especially in the case of airway
stenosis, various tube sizes must be kept on hand, since intubation is often only possible with
small-lumen endotracheal tubes.

Emergency airway equipment should be available at the start of every anaesthetic. An
otolaryngologist should be immediately available to assist with airway management during the
procedure and to perform an emergency tracheostomy if needed.

Patients with FOP who are in chronic carbon dioxide retention and use unmonitored oxygen
are at risk of suppression of respiratory drive due to sudden over-correction of oxygen tension.
They should not use supplemental oxygen in an unmonitored environment.

Because of the increased risk of respiratory insufficiency, premedication should be avoided. If
necessary, promethazine or clonidine may represent alternative preparations.

Particular preparation for transfusion or administration of blood products

Corrective orthopaedic surgeries may result in increased blood loss.

Particular preparation for anticoagulation

Immobilised patients may be at increased risk of thrombo-embolic complications.

Particular precautions for positioning, transportation and mobilisation

Positioning consideration is essential; patients’ bodies are often fused in a rigid position. All
pressure points must be padded and the neck supported. For this purpose, a wide variety of
support materials (e.g. absorbent cotton, various sizes of support pillows) should be kept on
hand. If a patient’s cervical spine is fused in flexion, steep Trendelenburg positioning is often
needed for adequate exposure for a dental procedure (the most common of surgeries).
Positioning specifics for Trendelenburg include padding the patients’ shoulders and securing
the patients to the bed to ensure that their bodies do not shift on the table.

Interactions of chronic disease and anaesthesia medications

FOP patients often receive therapy with immunosuppressives, disease maodifying
antirheumatic drugs, NSAIDs or anti-infectives. In addition to increased susceptibility to
infectious disease, typical drug side effects may have relevance to anesthesiologic
management. NSAIDs in combination with additional anticoagulant therapy may increase the
risk of bleeding. Appropriate pause intervals must be observed.
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Anaesthetic procedure

Succinylcholine should be avoided because of risk of hyperkalaemia due to patient
immobilisation.

A perioperative course of high dose corticosteroids (prednisolone and dexamethasone are
used most commonly) can be considered and if indicated, should begin prior to the start of
surgery to possibly mitigate heterotopic ossification stimuli.

In cases of long-term therapy with corticosteroids, peri-operative administration of additional
hydrocortisone should be considered to avoid an Addison crisis.

FOP patients may have increased sensitivity to hypnotics, analgesics (especially opioids), and
muscle relaxants. Since the duration of action of various substance groups may be prolonged,
short-acting preparations may be advantageous (e.g., propofol, remimazolam, remifentanil).
Suxamethonium should be avoided in immobilized patients.

Neuromuscular monitoring for intraoperative control of the degree of relaxation and to exclude

relaxant overload during extubation is mandatory. In high-risk patients, the use of rocuronium
is recommended because of the targeted reversibility by sugammadex.

Particular or additional monitoring

Neuromuscular relaxometry should be used in addition to standard monitoring.

Possible complications

Possible complications include: 1) difficult airway management, 2) exacerbation of thoracic
insufficiency syndrome, restrictive lung disease, or right-sided heart failure, 3) heterotopic
ossification due to misplaced intravenous catheter, needle trauma, or tracheal intubation, 4)
heterotopic ossification or neuropathy due to positioning pressure, 5) hyperkalemia from
succinylcholine administration.

Post-operative care

Patients with severe cardiac or pulmonary disease are at high peri-operative risk and may
require intensive care capacity postoperatively.

There is an increased risk of postoperative respiratory complications, especially after
intraoperative administration of respiratory depressants or muscle relaxants. Close monitoring
(vital signs, blood gas analysis), early mobilisation and the use of noninvasive ventilation can
help to avoid severe gas exchange disorders.

Disease-related acute problems and effect on anaesthesia and recovery

None known or reported.
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Ambulatory anaesthesia

Ambulatory anaesthesia is an option if surgery is minor and the patient is relatively healthy.
However, ambulatory surgery should take place at a tertiary care institution with adequate
resources to handle possible procedural complications.

Obstetrical anaesthesia

Neuraxial anaesthesia is contraindicated, as previously described in these recommendations.
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