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Abstract: Systemic sclerosis (SSc), previously known as progressive systemic sclerosis,
is a form of scleroderma and a multisystem connective tissue disease which can impact on
every aspect of anesthetic care, especially airway management. In this review we outline
clinical manifestations and current medical treatment of the disease, and general principles of
anesthetizing these patients. We focus on the role of regional anesthesia, including neuroaxial
anesthesia, which may serve as a safe alternative to general anesthesia but can be technically
challenging. We address concerns regarding abnormal responses to local anesthesia which have
previously been reported in patients with SSc, and explore future developments in technology
and pharmacology, which may enable regional anesthesia to be performed more successfully
and with fewer complications.
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Introduction

Scleroderma is a connective tissue disease associated with excess production and
deposition of collagen types I and III, glycosaminoglycans, and fibrinonectins within
connective tissues.'” Systemic sclerosis (SS¢) is a form of scleroderma with involve-
ment of internal organs. SSc is subdivided into diffuse cutaneous (dcSSc) and the
limited cutaneous forms (1cSSc).*

The prevalence of scleroderma ranges from 4—489 cases per million worldwide
with an annual incidence of 0.6—122 per million.’ There is significant global variation
with greater prevalence seen in the US and Australia than in Europe and Japan.® The
disease typically affects women more than men in a ratio of approximately 3:1 and
reaches peak incidence in the fifth decade of life.’

The cause of the disease is unknown and likely to be multifactorial. Human leu-
kocyte antigens (HLA DR1, 2, 3, 5, and HLA DQA?2), anticentromere antibodies, and
antinucleolar antibodies have all been implicated,®’ and raised levels of endothelial cell
antibodies are associated with increased disease severity.! Past exposure to cytomega-
lovirus, organic solvents, silica, dust, drugs (bleomycin), and aromatic hydrocarbons
may also increase the risk of developing SSc."¢

The multisystem involvement of SSc can impact on every aspect of anesthetic
care, especially airway management. Patients are chronically unwell and may pres-
ent repeatedly for a wide variety of surgical procedures. The role of regional anes-
thesia, particularly neuroaxial blockade, may serve as a safe alternative to general
anesthesia and a useful adjunct in management of postoperative pain.
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Clinical features

The scleroderma spectrum of disorders present with skin
thickening and hardening (sclerosis). They are subdivided
as shown in Figure 1.

Systemic sclerosis is diagnosed on the basis of character-
istic skin changes and one or more extracutaneous features,
including new heartburn or dysphagia, new hypertension,
new renal insufficiency, dyspnea on exertion with interstitial
changes on chest x-ray, pulmonary hypertension, diarrhea with
malabsorption, mucocutaneous telangectasia of face, lips,
mouth, or hands, and digital infarctions or digital tip pitting.”

Patients with 1cSSc have skin sclerosis that is normally
limited to the hands, but will occasionally affect the face and
neck.' They have many vascular manifestations of the disease
and may exhibit features of CREST syndrome (calcinosis,
Raynaud’s phenomenon, esophageal dysmotility, sclerodac-
tyly, and telangiectasia).'

Patients with dcSSc exhibit more widespread cutaneous
lesions from the upper limbs proximal to the wrists and the
body, but with sparing of the upper back.!

There is a five- to eight-fold increase in mortality associ-
ated with SSc,* particularly due to pulmonary hypertension,
more commonly associated with 1cSSc. Cardiac mortality is
also common.' Risk factors for increased mortality include
age greater than 65 years, forced vital capacity less than
50% predicted, significant cardiac arrhythmia, hypertension,
pulmonary fibrosis, and low body mass index.!!

Organ involvement in systemic
sclerosis

Gastrointestinal disease

Nearly 90% of patients with SSc will have gastrointestinal
involvement, of which up to 50% will be asymptomatic.'>!?
Any part of the gastrointestinal tract may be affected, and
symptoms include vomiting, diarrhea, constipation, and
pseudo-obstruction.!'>1

Scleroderma
I
[ | |
Localised Scleroderma Systemic
scleroderma like conditions sclerosis
IcSSc dcSSc

Figure | Spectrum of scleroderma.
Abbreviations: cSSc, limited cutaneous systemic sclerosis; dcSSc, diffuse cutaneous
systemic sclerosis.

The esophagus is the most commonly affected organ with
esophageal mucosal thinning.'® Patients may have chronic
gastro-esophageal reflux, peptic esophagitis, and recurrent
stricture formation'*'¢ with risk of developing Barrett’s
esophagus and esophageal cancer.! Repeated aspiration may
also lead to development of interstitial lung disease.'

Barium studies of the stomach show dilatation, atony,
and delayed gastric emptying.!> Gastrointestinal bleeding
and anemia may occur secondary to angiodysplasia of the
upper gastrointestinal tract.!'® Malabsorption syndromes
are also common, and can lead to electrolyte imbalance,
hypokalemia, hypoprothrombinemia, osteomalacia, and
protein deficiency.'>'7 Chronic malabsoption of vitamin B12
has resulted in subacute degeneration of the spinal cord.'
Blood clotting may also be affected due to impaired absorp-
tion of vitamin K.

Pulmonary disease
Pulmonary disease is the second most common systemic
manifestation of SSc, documented in over 70% of patients'
and accounts for the majority of deaths in affected patients. '
There are two principal clinical manifestations of pulmonary
disease: interstitial lung disease and pulmonary vascular
disease.'®

Interstitial lung disease may develop as pulmonary infil-
tration leads to interstitial and peribronchial fibrosis and bron-
chial epithelial proliferation. Pulmonary function tests show
decreased compliance, reduced vital capacity, and altered
diffusion capacity associated with hypoxemia.®!419-20

Pulmonary vascular disease, principally pulmonary
arterial hypertension, may develop in 10%-40% of patients
with SSc, and symptoms, including dyspnea on exertion and
diminished exercise tolerance, may be absent until the disease
is advanced.' It may lead to cor pulmonale and right-sided
heart failure, progressing to death due to thrombosis of pul-
monary vasculature.'¢

The risk of developing lung cancer is five times higher in
patients with SSc compared to the general population.'®

Renal disease

Evidence of renal disease is found in 60%—80% of autopsies
of patients with dcSSc.?*? Findings include thickening of the
renal glomerular basement membrane, intimal hyperplasia of
interlobular arteries and arterioles, and glomerulosclerosis.!?
It is a particularly high cause of mortality in affected preg-
nant patients.’ The patient may develop a “scleroderma renal
crisis”, characterized by acute oliguric renal failure, hyperten-
sion (which may progress to malignant hypertension), and
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proteinuria.'*'7* They may also develop microangiopathic
hemolytic anemia.’?

Cardiovascular disease

Cardiac complications are most commonly secondary to
systemic or pulmonary hypertension, but primary cardiac
disease also occurs.?**

Ninety percent of patients have concomitant Raynaud’s
disease. This may be the initial presentation,>®!” ranging from
vascular hyperactivity to complete vascular obliteration.?
It may be triggered by exposure to cold, vibration, and
stress.”

An accumulation of excess collagen, glycosaminoglycan,
and fibronectin leads to characteristic structural alterations in
the small arteries and microvasculature.® There is severe nar-
rowing, or even occlusion, of the arterial lumina, which can
result in ischemia and ultimately ulceration of peripheries.?
This may cause significant peripheral ischemic pain.? It is
thought that the sympathetic system is involved in the patho-
genesis of Raynaud’s disease® with a sympathetic neuropathy
the cause of a decreased, or even absent, vasoconstrictor
response to an increase in venous transmural pressure.?

Cardiac manifestations include cardiomegaly, systolic
dysfunction, myocardial fibrosis, dilated or restricted cardio-
myopathy, conduction defects, and arrhythmias. Only 19% of
patients exhibit abnormal rhythm during continuous 24-hour
ECG monitoring.®!%1627 Pathological evidence of pericardial
involvement is evident in 70%—80% of patients at autopsy,
but symptomatic pericarditis is found in only 7%-20% of
patients.'® There is an association between the development
of acute renal failure and pericardial effusion.'®

The 2- and 5-year mortality rates are 65% and 70%,
respectively, in those with symptomatic cardiac disease.*

Dermatological disease, orofacial findings,

and musculoskeletal disease

Dermal fibrosis sequentially affects the hands, arms, face,
and upper chest leading to a waxy, non-pitting edema, flexion
contractures, ischemic ulceration, and resorption of distal
phalanges.'%%

Inup to 70% of patients, the face may become pinched, with
atrophied nasal alae and restricted mouth opening as a result
of soft tissue shrinkage."!7**»%?° There may also be limited
neck extension due to thickened inelastic skin.'* Radiographs
may reveal widening of the periodontal membrane,? blunt-
ing of the angle of the mandible and even pathological
mandibular fractures, caused by mandibular resorption.'
Keratoconjunctivitis sicca and xerophthalmia occur in some

patients, predisposing to corneal abrasions."!” Others develop
xerostomia and dental caries as a result of fibrosis of salivary
and lacrimal glands.! Telangiectatic units, prone to bleeding
heavily, are found on the fingers, face, tongue, lips, and buc-
cal or nasal mucosa.®* Sweating is considerably hindered.'

Interstitial fibrosis and lymphocytic infiltration of skeletal
muscle fibers and synovia may cause proximal muscle weak-
ness, symmetrical polyarthritis, and joint crepitation.® Poor
blood supply through diseased vasculature with accumulation
of products of anaerobic metabolism activates nociceptors
causing ischemic muscle pain.®

Skin tightening may cause decline in hand and joint func-
tion over time.' This contributes to problems maintaining
daily hygiene, particularly oral hygiene.'

Neurological disease
Once thought rare, neurological manifestations of SSc
are increasingly recognized®**** and often herald the onset
of disease.” The most commonly observed neurological
manifestations are trigeminal neuralgia, peripheral monon-
europathies, mononeuritis multiplex, and nerve entrapment
neuropathies.*?** Peripheral neuropathy is estimated to occur
inup to 16%* of patients, but many more complain of chronic
neuropathic pain and sensory loss.>!18323436 A significant
proportion of patients are now thought to have subclinical
neuropathy.?®

Autonomic nervous system involvement is particularly
common in the progressive form of the disease.’” Many of
the clinical features of SSc, such as vasomotor dysfunction,
abnormal gastrointestinal tract motility, and anhydrosis,
are all features of the autonomic neuropathy, leading some
authors to describe SSc as a disease primarily of the auto-
nomic nervous system.'® In addition to peripheral and auto-
nomic neuropathy, there have also been reports of increased
risk of cerebrovascular events, myasthenia gravis, migraine,
transverse myelopathy, multiple sclerosis, and steroid respon-
sive psychosis." There is an increase risk of seizure activity
when SSc is associated with uremia or hypertension.'®

The effect of pregnancy on systemic

sclerosis

Women with SSc can have a normal fertility index yet there
is a high rate of spontaneous abortion, still birth, premature
labor, and prenatal mortality.!” Pregnancy accelerates the dis-
ease process in approximately 50% of affected parturients.?
Those with multiorgan involvement'” and dcSSc are worst
affected.® Women with SSc who have severe cardiomyo-
pathy (ejection fraction < 30%), pulmonary hypertension,
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severe restrictive lung disease, (forced vital capacity <50%
of predicted), malabsorption, or renal insufficiency may
be advised against pregnancy and partituents who develop
rapid deterioration in internal organ function may be offered
termination (first trimester) or early delivery.’*

Morbidity and mortality is particularly elevated in those
who have concomitant hypertension'” and during the second
half of pregnancy it may be difficult to differentiate between
renal scleroderma and preeclampsia.?’ However, plasma ren-
nin is high as a result of renal cortical ischemia if hyperten-
sion is due to SSc. Treatment is with angiotensin-converting
enzyme inhibitors.*

Pregnant patients with SSc should be considered high
risk and have experienced obstetric lead care and multidis-
ciplinary team involvement.?* Early epidural anesthesia is
recommended for labor although there is a significant risk
of failure to progress due to vaginal constriction.*® General
anesthetic may be particularly hazardous, and patients
should have operative delivery under regional anesthesia
should there be any signs of fetal or maternal compromise.

Treatments for systemic sclerosis
Immunosuppressants such as glucocorticoids, methotrexate,
cyclophosphamide, and azathioprine form the mainstay of
treatment for disease modification in addition to treatment
of alveolitis.** Future treatments may include humanized
anti-transforming growth factor and beta-1 monoclonal
antibody.**2

Angiotensin-converting enzyme inhibitors are first-
line antihypertensive agents in SSc patients.* In order to
prevent a vasospastic crisis, patients are advised to avoid
nicotine, cold, stress, and sympathomimetic decongestant
medications.* Raynaud’s phenomenon is principally treated
with calcium channel blockers.* Other treatments that
may provide relief are bosentan (a nonselective endothe-
lin antagonist),* iloprost (a prostacyclin),* and phos-
phodiesterase type 5 inhibitors such as sildenafil.** Both
bosentan and sildenafil are used to treat severe pulmonary
hypertension.**

Proton pump inhibitors are used to treat gastroesophageal
reflux*® whilst prokinetic agents such as erythromycin, may
be used in patients with esophageal hypomotility.*’ In cases
of pseudo-obstruction, parenteral nutrition and surgery may
be considered.*

Specific surgical interventions include cervical sym-
pathectomy (which may provide only short term benefits),
lumbar sympathectomy, and radical microarteriolysis (digital
sympathectomy).* Eventually debridement and amputation
of digits may be necessary in severe cases of gangrene.*

Anesthetic considerations in the

patient with systemic sclerosis

Patients with SSc typically present for dental procedures,
digit amputation, esophageal procedures and for management
of labor complications or delivery.

Understanding of pathophysiological complications of
SSc and careful preoperative assessment are essential when
making an anesthetic plan.!” A summary of preoperative
investigations is included in Table 1.

Airway considerations

Anatomical deformities include poor mouth opening, fibrosis
of the temporomandibular joint and skin tightening of the face,
neck, and mouth, and may cause difficulties with mask ventila-
tion and intubation.'*? Fiberoptic, blind oral, or retrograde intu-
bation techniques'®!**” have previously been described. Careful
airway manipulation is required as mucosal telangiectasiac may
bleed profusely if traumatized.!*?*?” Rapid sequence induction
may not be advisable, despite the high risk of aspiration, due
to the risk of difficult intubation. Sellick’s maneuver may be
ineffective due to fibrosis of the esophagus.'*? In particularly
difficult situations, it may be necessary to consider awake
tracheotomy with local anesthesia.®*

Ventilation

Endotracheal intubation is advocated to decrease the risk
of aspiration.'s Ventilation may be difficult due to reduced
pulmonary compliance and these patients are at risk of
barotrauma. Standard protective lung strategies should be
employed. A period of postoperative ventilation may be
required due to reduced oxygen reserve, progressive weaken-
ing of intercostal and diaphragmatic muscles,'*'* and opiate
sensitivity.?” Patients with a vital capacity of less than 1 liter
are at particular risk of postoperative respiratory failure.®

Monitoring

Routine monitoring (as per Association of Anesthetists Great
Britain and Ireland guidelines)* is advocated in all SSc
patients. Difficulties in obtaining intravenous access and non-
invasive blood pressure readings® may be encountered due to
dermal thickening, flexion contractures, and vasoconstriction.
Accordingly, invasive monitoring and central venous access
may be necessary. Radial artery cannulation may precipitate
Raynaud’s phenomenon and even subsequent necrosis.?*?
Pulse oximeter probes should be alternated between digits
during surgery, or ischemic damage may be precipitated.®*” In
the presence of severe cardiac disease and pulmonary hyper-
tension in patients undergoing major surgery, it may prove
beneficial to monitor parameters of cardiac performance.?®
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Table | Suggested list of preoperative investigations in patients
with SSc

Organ involvement Investigation

Gastrointestinal disease Full blood count
Coagulation screen
Bone profile

Liver function tests
Pulmonary disease Chest radiography
Pulmonary function tests
Arterial blood gases
Renal disease Urinalysis

Urea and electrolytes
Intravenous pyelogram
Cardiovascular disease Electrocardiography
Echocardiography
Dermatological disease, orofacial

findings, and musculoskeletal disease

Investigation of esophageal
disease

Examination of airway

and mucosal telangiectasia
Examination of range

of movement of neck
Examination for evidence
of periodontal disease
Examination for gangrene of
digits, peripheral pulses, and sites
for intravenous access

It is possible that esophageal disease, aortic disease, and
altered vascular compliance in patients with SSc may affect
the accuracy of cardiac output monitors.

Warming

Close attention should be given to maintenance of patient
temperature using standard techniques to reduce the risk of
vascular crisis. As sweating is hindered in the patient with
SSc,!s care should also be taken avoid overheating, which
may present as malignant hypertension.'’

Positioning and eye care
Due to flexion contractures, positioning is best accomplished
with gentle guidance and the cooperation of the awake
patient.'” Special attention should be given to protecting
pressure areas with additional padding if necessary.
Patients are prone to developing keratoconjunctivitis
sicca and xerophthalmia, both of which lead to dry eyes."!”
This problem may be compounded as scarring of the eyelids
causing widening of the palpebral fissures and inadequate
closure. It is important to maintain lubrication of the eyes
to avoid corneal abrasions.!!”

The use of regional anesthesia

in systemic sclerosis
Regional anesthesia can be a safe alternative to general
anesthesia'>*** in SSc and other connective tissue disorders,

and a useful adjunct in the treatment of postoperative
pain, which can be severe in these patients and resistant to
opiates.>?348

Controlled vasodilatation produced by regional anesthetic
techniques can also improve tissue perfusion, promote wound
healing, and prevent Raynaud’s phenomenon.>*#° Regional
anesthesia may be limited, however, by technical difficulties,
prolonged sensory blockade, unpredictable spread of local
anesthetics,?”*”*%* and associated with marked cardiovas-
cular compromise.?’

Abnormal response to local anesthetics
On searching the published literature we identified 18 case
reports describing a total of 21 regional anesthetic blocks car-
ried out in patients with SS¢>18-2023.2748-60 ranoing from dental
injections to continuous intrathecal catheter techniques, and
dating from 1964. Details of each block and any complica-
tions are described in Table 2.

Prolonged sensory block is the most frequently quoted com-
plication of regional anesthesia in these patients.®1415:18.202327.50.52.53
However, of the 21 blocks identified, only seven resulted in
abnormal duration of anesthesia, with all patients making
a full recovery within 24 hours.!320335253 Six of the seven
involve peripheral nerve blocks,'3%2% with the exception
of Thomson et al’s case report from 19832° which describes
aprolonged block following epidural anesthesia. In this case
report chloroprocaine was the local anesthetic used (this
drug is no longer available in the UK due to its association
with neurological injury®'). The six more recent case reports
of neuroaxial anesthesia in patients with SSc do not report
prolongation of block. Agents used were bupivacaine, ropi-
vacaine, and prilocaine,?"4%30:55-57

Several theories have been proposed for prolonged
sensory blockade following regional anesthesia, which
was first described by Eisele and Reitan in 1971.52 They
reported a case of a patient with SSc who underwent an
axillary block using 20 mL of lidocaine with epinephrine,
in which sensory anesthesia persisted for 24 hours. They
went on to test the response of subcutaneous infiltration of
plain lidocaine and lidocaine with epinephrine in the same
patient and discovered that the addition of epinephrine did
not prolong the sensory anesthesia as much as expected.
They concluded that the prolonged effects of local anesthesia
in SSc were the result of poor tissue perfusion secondary
to vasoconstriction.

Lewis™ tested this theory further by attempting to improve
tissue perfusion by first infusing low molecular weight
dextran in a patient with SSc undergoing digital nerve block.
Despite the infusion of dextran the nerve block lasted a total
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Table 2 Summary of published regional techniques and associated complications in patients with systemic sclerosis

Reference Regional block Indication LA used and dose Complication
Gunther et al*! Spinal Forceps delivery ? Nil
Caudal Labor analgesia 300 mg mepivacaine Nil
Eisele and Reitan® Axillary nerve Treatment bridge 200 mg lidocaine Prolonged block
block to assess sympathetic tone
Lewis®? Digital nerve block  Primary anesthetic 50 mg lidocaine Prolonged block
for digit amputation
Neill Supraclavicular Used on two occasions ? Prolonged block both
Brachial plexus in same patient as adjunct occasions
to GA for digit amputations
Sciatic nerve block  Rescue technique for severe ? Prolonged block
postoperative pain following
metatarsal amputation
Thomson et al?*® Lumbar epidural Labor management 320 mg of chloroprocaine Prolonged block
Sweeney** wrist block Multiple digit amputation Mixture of lidocaine % 5 mL injected around
and bupivacaine 0.25% use median nerve resulting
exact dose not specified in transient severe pain
and cyanosis of hand
Berth-Jones et al'® Dental block ? ? Prolonged block
Bailey et al”’ Spinal Primary anesthetic for LSCS 11.87 mg L-bupivacaine Nil
Garcia-Sanchez et al®®  Lumbar epidural Primary anesthetic for laparotomy 85 mg L-bupivacaine Nil
Lundborg et al® Continuous Continuous ambulatory analgesia Buprenorphine and Transient post-dural
intrathecal bupivacaine infusion puncture headache and
catheter meningitis. Urinary retention
and reduced motor function
at doses of >20 mg/day
L-bupivacaine. IT treatment
lasted 861 days, 560 of
which were spent at home
Greengrass et al* Axillary block Continuous ambulatory analgesia Continuous infusion Nil
or ropivacaine| 00 mg/hour
Erol* Thoracic epidural Adjunct to GA for esophageal 50 mg L-bupivacaine plus Nil
surgery infusion 2.4 mg/hour for 3 days
Sulemaniji et al*® Lumbar epidural Primary anesthetic technique 200 mg prilocaine Difficult to position patient
for laparoscopic cholecystectomy lateral position only
Erk et al* Combined spinal Primary anesthetic technique 12.5 mg hyperbaric intrathecal Nil
epidural for hip arthroplasty bupivacaine given only
Picozzi et al*” High thoracic Primary anesthetic technique 60 mg ropivacaine plus Nil
epidural for mitral valve replacement continuous infusion of
7.5 mg/hour ropivacaine
for 48 hours
Fan®® Interscalene block  Shoulder arthroplasty N/A Failed due to inability to
locate plexus using a nerve
stimulator
Edmunds et al*’ Sub-Tenon’s block  Cataract surgery 80 mg lidocaine, and Elevated intra-ocular
7.5 mg L-bupivacaine pressure
Ceylan et al® Combined femoral ~ Primary anesthetic technique 22.5 mg L-bupivacaine Nil
and sciatic nerve for foot amputation and 20 mg lidocaine
block

Abbreviations: GA, general anesthesia; LSCS, lower segment cesarean section; IT, intrathecal; N/A, not applicable; LA, local anesthesia.

of 24 hours. Subcutaneous infiltration of lidocaine following
infusion of sodium bicarbonate reduced the duration of sen-
sory anesthesia by more than half. This suggested the mecha-
nism for prolonged blockade may be more related to tissue
pH diminishing the unionized portion of local anesthetics
and delaying its diffusion into the nerve.

Another theory surrounding prolonged response to
regional anesthesia is related to compression of the nerve
by the local anesthetic fluid itself. Due to fibrosis of muscle
and connective tissue, fascial planes surrounding periph-
eral nerves can be relatively inelastic and injection of
local anesthetics can cause a rise in compartment pressure
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with compression of blood and nerve supply. This was the
mechanism thought to have caused transient cyanosis and
prolonged anesthesia following a wrist block as observed
by Sweeney> and a rise in intraocular pressure following a
sub-Tenon’s block reported by Edmunds et al.*

The literature does not discuss whether prolonged
blockade may be the result of perineural or intraneural
injection, which would also explain the symptoms described
by Sweeney.> None of the papers reporting prolonged dura-
tion of block describe how nerves were located; many may
have been done using landmark techniques. The technical
challenges encountered in performing peripheral regional
anesthesia in SSc patients such as positioning difficulties,
altered fascial planes, and altered peripheral sensation,
may increase the risk of intraneural injection when using
landmarks, fascial clicks, and patient reported paresthesia
for location. In addition, the wide range of neurologi-
cal abnormalities seen in SSc can cause abnormal nerve
conduction,'®**3¢ making location of peripheral nerves using
nerve stimulators difficult.’

Owing to the increased potential for prolonged blockade,
vascular compromise, and technical difficulty with peripheral
regional anesthesia, neuroaxial anesthesia, where appropri-
ate, may be more successful, predictable, and beneficial in
these patients.

Neuroaxial anesthesia in systemic

sclerosis

Neuroaxial anesthesia is described in ten case reports. Single
shot spinals,?”*! epidurals,?*>%315557 combined spinal epidur-
als (CSE)* and continuous intrathecal catheter techniques?
have all been used successfully in patients with SSc.
Fortunately the back is often spared in SSc'?” and of the ten
neuroaxial blocks described in the case reports, technical
difficulties were only reported once.’® This was due to dif-
ficulties positioning the patient, caused by restricted joint
movement and not sclerosis of the spine.

Spinal anesthesia in SSc has only been described in
obstetric patients.?”! Bailey et al?’ used a single shot spinal
for urgent cesarean delivery in a nulliparous woman with
SSc and preeclampsia. The use of a single shot spinal was
chosen over epidural or CSE due to concerns of thrombocy-
topenia and risk of spinal hematoma. In this case, spinal block
height reached T8 with return of full sensation 3.5 hours
later, however the patient was considerably hypotensive
throughout the procedure and required significant quantities
of ephedrine and intravenous fluid. As vasoconstriction is a
feature of SSc, patients often have a contracted intravascular

compartment®*?7 and pronounced hypotension can occur
secondary to anesthetic-induced vasodilatation. As seen in
this case, these patients are often unresponsive to vasopres-
sors which may worsen vasoconstriction in the upper limbs
resulting in vasospastic crisis.'> Significant volumes of fluid
may therefore be required to combat hypotension which
can result in rebound pulmonary edema on resolution of
neuroaxial blockade and subsequent return of intravascular
tone. In pregnancy, risk of pulmonary edema may be further
compounded by the altered cardiovascular physiology.

Refractory hypotension, in addition to concerns about the
predictability of block height and the risk of high spinal block,
necessitating a difficult emergency intubation, has led some
authors to recommend incremental neuroaxial anesthesia via
catheter techniques.®?’#

Epidural anesthesia and CSE techniques have been used
successfully without major complication for peripheral and
major surgery, including mitral valve surgery*->-7 and
offer the benefit of continued regional analgesia into the
postoperative period. However, epidural catheters have been
associated with fibrosis when used for prolonged periods in
these patients.?

Future directions

With the relative paucity of evidence examining the efficacy
and safety of regional anesthesia in SSc, it is difficult to
predict future directions that may best benefit these patients.
New techniques and agents, which potentially improve suc-
cess rates and predictability of block characteristics, may be
of benefit. Several advances made in regional anesthesia in
the last two decades have focused specifically in these areas
and may prove to be particularly useful in the difficult SSc
patient.

Ultrasound for regional anesthesia

Ultrasound offers several advantages to the patient with SSc, the
main one being direct visualization of anatomical structures.5>%
Unlike peripheral nerve stimulation and other landmark tech-
niques, nerves can be blocked anywhere along their course®
and may enable peripheral nerve blockade to be carried out in
patients with positioning difficulties. Direct observation of the
needle tip may reduce the incidence of intraneural injection
and allow confirmation of spread of local anesthetic around
the nerve and within the fascial plane.®* Studies have demon-
strated that ultrasound-guided regional anesthesia, for a range
of peripheral nerve blocks, can lead to higher success rates,
faster onset, and a more effective block, with a reduction in the
minimum volume of local anesthetic required.®>-%
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Less is known about the role of ultrasound in assisting
neuroaxial blockade. In 2008, the National Institute for Clini-
cal Evidence published guidelines on the use of ultrasound-
guided catheterization of the epidural space.®” The guideline
describes two different ways in which ultrasound can be used
to facilitate epidural catheterization: prepuncture ultrasound
and real time ultrasound.

Prepuncture ultrasound involves scanning the patient’s
back to identify neuroaxial structures and correct spi-
nal level.®% Most literature involving ultrasound for
neuroaxial anesthesia describes this technique and pre-
puncture ultrasound can be used to identify the midline,
depth of epidural space, and optimum angle for needle
insertion.63:64.68.69

Real time ultrasound, or ultrasound-guided epidural
catheterization, is largely described in pediatric and neo-
natal patients.®® It is of limited benefit in adult patients as
the neuroaxial space is a deep structure, encased in bony
anatomy, through which ultrasound waves may not pass.
Deeper penetration necessitates the use of curved array
probes and lower scanning frequencies, which reduce image
quality and needle tip visualization. Loss of resistance to
air or saline remains a necessary safeguard against dural
puncture and adds a further level of manual complexity to
the technique.®

Patients in whom real time ultrasonic guidance is most
likely to be of greatest use, including adults with SSc, are
the ones in whom adequate imaging is likely to be the most
difficult to achieve.

The development of 3D and 4D ultrasound technology,
however, may lead to more frequent use of real time ultra-
sound guidance for neuroaxial location. The ability to view
multiple planes of a region of interest may overcome diffi-
culties in needle location as the whole volume of the region
is displayed, with the needle position within that volume
continuously imaged, enabling the needle to be guided to
an exact point within that volume.™

Intraneural pressure monitoring needles
As previously discussed, local pressure effects and intraneural
injection may explain some of the reports of prolonged response
to local anesthetics seen in patients with SSc. Animal studies
have shown that injection pressures of greater than 20 psi’! may
be associated with intraneural injection, and the development
of regional anesthesia block needles capable of monitoring
injection pressure may provide an additional safeguard when
performing regional anesthesia in patients with SSc.

Future developments in pharmacology

The development of new agents for use in regional anesthesia
is currently focused on agents which have a short duration
of action and may be used by the intrathecal route for day
case surgery, and on those which prolong the sensory block
without the need for indwelling nerve catheters and infusions.
Both these developments may benefit the patient with SSc.

The search for shorter acting local anesthetics has
led to a renewed interest in local ester anesthetics such
as 2-chlorprocaine. The new preservative-free form of
chlorprocaine (currently unavailable in the UK)®' is being
used widely throughout Europe and is associated with resolu-
tion of spinal block within 60 minutes.” Atricaine is a unique
local ester anesthetic which contains thiopentene rings and is
currently used in dentistry, but has been shown to have rapid
onset and short duration of action when used for brachial
plexus blocks and for intrathecal and epidural anesthesia.®!
It could potentially be given in combination with catheter
techniques to enable a rapidly titratable level of regional
anesthesia with fast offset in patients with SSc, although there
are no case reports describing its use in this way.

There have also been several advances made in liposomal
delivery systems. Liposomes are microscopic lipid vesicles
with a central aqueous compartment and can be used to carry
lipid soluble drugs, in their lipid bilayer, or aqueous drugs
in their central compartment.®’ The permeability of the lipid
bilayer can be modified to enable slower diffusion of local
anesthetics into neural tissue, preventing redistribution and
combating systemic toxicity.' Liposomal delivery systems may
obviate the need for continuous nerve catheter infusions and
pumps,’ and provide prolonged analgesia in the postoperative
and ambulatory setting to SSc patients with intractable pain.

Conclusion

SSc is a multisystem disease, which can impact on every
aspect of anesthetic care. Regional anesthesia can provide
excellent analgesia, promoting wound healing and prevent-
ing vasospastic crises. It can be considered a safe alterna-
tive to general anesthetic in these particularly high-risk
patients. Prolonged sensory blockade has largely been seen
with peripheral nerve blocks, which can be challenging to
perform with nerve stimulation due to abnormal muscle and
nerve physiology. As SSc frequently spares the spine, many
of the reported complications and challenges of regional
anesthesia in SSc are reduced with neuroaxial approaches.
CSE or epidural anesthesia, which allows gradual or incre-
mental titration of block height, may be preferable as marked
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hypotension can occur following spinal anesthesia. The role

of new technology, such as ultrasound and the development

of new local anesthetic agents and drug delivery systems, may

enable regional anesthesia, both peripheral and neuroaxial,

to be performed more successfully and predictably with

fewer complications.
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