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ABSTRACT

Study Design: A prospective, observational case series of eighteen children with early onset scoliosis undergo
spine manipulation and casting. Objective: Determine if respiratory system compliance decreases during casting
warrants tracheal intubation in all Derotational casting procedures. Background: Children with early onset sco-
liosis with a Cobb angle greater than 25 degrees will have significant progression of their scoliosis. Surgical tech-
niques cannot result in spine fusion as growth retardation will ensue. Serial thoracolumbar casting may correct
the scoliosis or delay the need for surgery. The cast, however, is highly restrictive until the cast is appropriately
cut. Does respiratory system compliance decrease a significant degree to require tracheal intubation in all Dero-
tational casting procedures? Methods: Eighteen children (mean age: 4.5 years, mean weight: 16.9 kg) undergoing
initial scoliosis casting were enrolled. Anesthesia was induced with sevoflurane in oxygen, an intravenous cathe-
ter was inserted, intravenous propofol administered and tracheal intubation performed. Baseline measurements
of heart rate, blood pressure, SpO,, peak inspiratory pressure (PIP), and pulmonary compliance were made be-
fore casting, immediately after casting, and after cast cut-out. Results: PIP increased from 15.8 cm H,0 to 42.6
after cast application and decreased to 20.2 after cast cut-out. Compliance decreased from 1.08 ml/cm H,O/kg to
0.21 after cast application and increased to 0.61 after cast cut-out. There were no clinically significant changes in
heart rate, blood pressure, or SpO,. Conclusion: The thoracolumbar cast applied for scoliosis treatment causes
severe restriction of chest wall movement and subsequent deterioration of pulmonary function. The time of se-
vere restriction of chest wall motion is short and is relieved once cast cut-outs are performed. The marked in-
crease in PIP and decrease in compliance that occurs during the casting process necessitates tracheal intubation.
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1. Introduction a restrictive lung disease pattern, the severity of which
may be determined by the age of onset relative to the
time of alveolar development [3,4]. A decreased space
available for the lung especially between the ages of 5 to
8 years inhibits the alveolar hyperplasia phase of lung
development. Continued chest wall deformity will then
impact the alveolar hypertrophy that normally doubles
the lung volume between 10 and 18 years of age. Al-

though the restrictive effects on the lung are initially

Untreated scoliosis can lead to significant cardiorespira-
tory dysfunction. Scoliotic changes in chest wall archi-
tecture over stretch chest wall muscles on the convex
side of the thoracic spine curve and cause muscle con-
tracture on the concave side of the curve. The thoracic
cage asymmetry causes aberrations in muscle length-
tension relationships resulting in increased work of

breathing [1,2]. Abnormal thoracic cage growth restricts
pulmonary alveolar development thereby causing pul-
monary hypoplasia and/or atelectasis. Scoliosis produces
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secondary to poor chest wall mechanics, long standing
hypo-inflation of the lung and retention of secretions can
also lead to intrinsic obstructive pulmonary disease. De-
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creased thoracic capacity may decrease cardiac perfor-
mance and diminish exercise capacity. Mitral valve pro-
lapse occurs in 25 per cent of patients with scoliosis [5].
Mitral valve prolapse may be a manifestation of a colla-
gen defect that could also be responsible for the scoliosis.

There is no known cause for 85 percent of the cases of
scoliosis (idiopathic). The defect in idiopathic scoliosis is
a postulated discordance between the anterior and post-
erior vertebral elements eventually resulting in displace-
ment of the vertebral bodies into fairly consistent curve
patterns [6]. Idiopathic scoliosis is classified by age of
onset as infantile, juvenile, or adolescent. Infantile scoli-
osis and juvenile scoliosis are more commonly classified
as one group termed early onset scoliosis (EOS). Young
children with a Cobb angle of greater than 25 degrees
will have significant progression of their scoliosis before
skeletal maturity is achieved [7]. If uncorrected, patients
with early onset scoliosis are more likely to develop res-
piratory failure, cor pulmonale, and premature death than
patients with adolescent scoliosis [8,9]. Early interven-
tion may prevent thoracic cage deformation and improve
pulmonary function. Surgical correction or palliation for
scoliosis is associated with excessive blood loss, spinal
cord ischemia, pulmonary morbidity, and protracted re-
covery. Surgical intervention in young children with sco-
liosis may have adverse effects on thoracic growth, has a
greater risk of perioperative complications, and is more
likely to produce adverse psychological effects than sur-
gical correction in adolescents [10,11]. Studies of the
long-term effects of surgery on postoperative respiratory
function in young children with scoliosis have yielded
conflicting results [12].

Mehta and others popularized non-operative treatment
of scoliosis with the successive application of derotation-
al casts in children with early onset scoliosis with the

hope of early correction without invasive surgery [13,14].

This process requires the application of successive tho-
racolumbar casts that are molded after application for the
child’s specific deformity. The casts are applied with the
patient under general anesthesia on a casting frame. The
cast is extremely restrictive to chest wall excursion until
the appropriate windows are cutout. The restrictive na-
ture of the cast is associated with high peak inspiratory
pressures during the casting process [15].

Any growing child up to 7 to 8 years of age (the de-
velopment period of alveolar hyperplasia) with curves
greater than 25 degrees is a candidate for this non-opera-
tive approach. The goal is to correct the spinal and chest
wall deformity and allow pulmonary development. In
some children the deformity is fully corrected, in others
the curves stabilize without progression, and in many,
surgical treatment is effectively postponed.

This prospective study was performed in children pre-
senting for initial casting. The anesthetic technique was
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controlled. No patients received muscle relaxants and
remained at a constant depth of anesthesia.

2. Methods

After Institutional Review Board (IRB) approval and
written parental consent, patients with early onset scoli-
osis presenting for their first cast were enrolled. Twenty
patients between the ages of 1 and 8 years (mean age 5.1
years) were enrolled in the study. Two patients were
dropped from consideration because of incomplete data
acquisition. Eighteen patients completed the study (mean
age 4.5 years, 16.9 kg) (mean Cobb angle 46 degrees,
range 30 - 62 degrees). A standard anesthetic technique
was used. Patients received oral midazolam (0.5 mg/kg)
20 to 25 minutes prior to induction of anesthesia. Anes-
thesia was induced with sevoflurane in oxygen by face
mask with a Drager Apollo anesthesia machine. An
intravenous catheter was inserted after the induction of
anesthesia. Propofol (3 mg/kg i.v.) was administered to
facilitate tracheal intubation with an appropriately sized
cuffed tracheal tube. Muscle relaxants were not adminis-
tered. After tracheal intubation, anesthesia was main-
tained with sevoflurane in oxygen. Mechanical ventila-
tion was achieved with a tidal volume of 8 ml/kg in vo-
lume control mode. The I:E ratio was set at 1:2 and the
respiratory rate was set to maintain an end-tidal carbon
dioxide between 32 and 42 mm Hg. The entire casting
procedure from the time of induction to emergence av-
eraged 68 minutes. The time from induction to the first
set of measurements is approximately 10 minutes and the
time from induction to completion of casting is 30 mi-
nutes. The time in the restrictive cast is approximately 10
minutes and another 10 minutes is required for comple-
tion of cast window cutout. The first measurements were
made when a constant level of anesthesia was obtained as
defined by a stable ratio of the inspired concentration of
sevoflurane to the expired concentration of sevoflurane.
Respiratory function parameters were measured with a
Philips M1014A Spirometry Module connected to a Phi-
lips Intellivue monitor. Respiratory parameters measured
were arterial oxygen saturation (SpO,), end-tidal carbon
dioxide (ETCO,), tidal volume, respiratory rate, peak
inspiratory pressure (PIP), and dynamic compliance. The
module measures dynamic compliance, which is the ratio
of change in volume to the change in pressure during
inspiration. Dynamic compliance is calculated using the
least squares fitting method of the flow, volume, and raw
pressure waveform [16-18]. Blood pressure was meas-
ured with an automated NIBP device (Philips Intellivue
MP70). Measurements were obtained at three different
periods: 1) baseline, after induction of anesthesia and
tracheal intubation, 2) after application of the body cast
on the casting frame, and 3) after cast window cutout.
Prior to all measurements and without any manipulation
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of the patient, 60 to 90 seconds of equilibration was al-
lowed. Ten to 15 breaths of equilibration were done prior
to measurement of respiratory parameters.

Repeated measures ANOVA was used for statistical
comparison of values after induction of anesthesia (base-
line), immediately after cast application, and following
cast window cutout.

3. Results

The baseline measurements of compliance during anes-
thesia and controlled ventilation were similar to those
reported in another study of young children [19]. Casting
produced a precipitous increase in PIP (p < 0.0001) and
decrease in compliance (p < 0.0001) (Table 1). PIP in-
creased by 170 per cent and compliance decreased to 19
per cent of baseline. After cast window cutouts were
performed, PIP increased to 56 per cent of baseline. The
increase in compliance after cutout was statistically
greater (p < 0.01) than compliance after cast application,
but was statistically less than baseline compliance (p <
0.01). PIP decreased significantly after cast cutout but
was statistically higher than baseline PIP. Tidal volume
(V1) decreased from 8.8 ml/kg at baseline to 7.1 ml/kg (p
< 0.004) after cast application, but increased to 8.5 ml/kg

after cast cutout (p < 0.002 compared to V after casting).

Five patients had no change in V¢ from baseline to cast
application and 13 had a decrease in V1. There was,
however, no statistically significant difference in com-
pliance changes between patients with no change in tidal
volume and those patients with a change in tidal volume.

There was no change in end-tidal sevoflurane concen-
tration between baseline and cast application. There was,
however, a statistically significant decrease in end-tidal
sevoflurane concentration from baseline to cast cutout (p
<0.007).

Mean arterial blood pressure (MABP) increased from

52.4 mm Hg at baseline to 65.2 after cast application (p <
0.05). After cast cutout, MABP decreased to 56.8 mm Hg.
Heart rate did not change significantly with cast applica-
tion, but decreased from 119 beats per minute at baseline
to 106 beats per minute after cast cutout (p < 0.05).

4. Discussion

If untreated, early onset scoliosis will progress and may
ultimately result in thoracic insufficiency, cor pulmonale,
and premature death. The treatment of EQOS, however, is
controversial [20,21]. Any technique that fuses the spine
at an early age will limit thoracic and pulmonary matura-
tion [22]. Surgical techniques such as growing rods (sin-
gle or dual), VEPTR, or hybrid distraction systems do
not fuse the spine, but require repeated invasive surgical
adjustments. The derotational casting process requires
repeated cast applications, but the technique is non-in-
vasive and is associated with minimal risk. Derotational
casting may eliminate the need for surgery or delay the
need for surgery until the spine has achieved maximal
growth. Irrespective of the type of treatment, preserva-
tion or improvement in respiratory mechanics is a pri-
mary goal of scoliosis treatment. Cast therapy for EOS
may become more common if surgical techniques prove
to have poor outcomes and a high incidence of perioper-
ative complications.

This study objectively evaluated the effects of casting
on respiratory mechanics. Respiratory system com-
pliance decreased markedly and PIP increased signifi-
cantly during the time that the cast was restrictive to
chest wall motion. Despite these changes, there were no
adverse effects such as barotrauma, hypoxemia, hyper-
carbia, or hypotension. Although anesthesia for many
orthopedic casting procedures is administered through a
supraglottic airway or by face mask with a pharyngeal
airway, the application of the restrictive body cast requires

Table 1. Cardiorespiratory change during scoliosis casting.

Parameter Baseline After Cast After Cast Cutout
PIP (cm H,0) 15.8 (3.2) 426 (7.9) 20.2 (3.2)™
Ceyn 1.08 (0.24) 0.21 (0.08)" 0.61 (0.15)*
Vo 8.8(0.8) 7.1(1.7)" 8.5(0.8)*
Heart rate (bpm) 119 (17) 113 (21) 106 (20)*
MABP (mmHg) 52.4 (8.7) 65.2 (13)" 56.8 (8.7)"
S,0; (%) 99.7 (.58) 99.4 (0.78) 99.6 (0.78)
E.CO, (mmHg) 35.1(3.8) 35.7 (6.8) 33.9 (4.5)
E. Sevoflurane (%) 3.31(0.6) 3.03(0.8) 2.80 (0.9)"

Legend: PIP = peak inspired pressure; Cqy, = dynamic compliance expressed as ml/cm H,O/kg; V1 = tidal volume; MABP = mean arterial blood pressure; S,0,
= arterial oxygen saturation; E,CO, = end-tidal expired carbon dioxide; E;Sevoflurane = end-tidal expired sevoflurane (SD); “p < 0.01 compared to baseline; “p

< 0.01 compared to after cast.
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tracheal intubation. The time of cast restriction is short
and compliance increases and PIP decreases after cast
window cutouts are performed. If the anesthesiologist
becomes concerned about the high PIP, tidal volume can
be reduced or pressure control ventilation can be em-
ployed. These alternative forms of ventilation, however,
would reduce tidal volume and may impair alveolar gas
exchange.

There were statistically significant changes in heart
rate and blood pressure. Mean arterial blood pressure
increased when the cast was restrictive and heart rate
decreased after cast cutout. These changes, however,
were not clinically significant. We attempted to maintain
a constant depth of anesthesia during all respiratory and
cardiovascular measurements.

Shortcomings of the study include an unanticipated 19
per cent decrease in tidal volume (8.8 ml/kg at baseline,
7.1 ml/kg after cast application). The reasons for this
decrease were not obvious, but could be secondary to
increased compressible volume in the breathing circuit. It
is unlikely that a decrease in tidal volume of this magni-
tude would adversely affect the measurement of dynamic
compliance. The change in compliance between the pa-
tients that had a change in tidal volume and those that did
not was, in fact, not statistically different. ~Although we
attempted to maintain a constant level of anesthesia,
there was a statistically significant decrease in end-tidal
sevoflurane concentration between the time of cast ap-
plication and cast cutout. This decrease was of no clinical
significance and was unlikely to influence cardiorespira-
tory function.

Our patients will be followed for months and years.
Serial respiratory function measurements will be ob-
tained during the casting treatment period. It will be of
importance to know if pulmonary function improves after
successive cast applications and how many patients may
delay or avoid surgery in the future. Irrespective of the
treatment method, serial measurements of respiratory
function should be made to determine the effects of the
treatment. Preservation and/or improvement in pulmo-
nary function are also goals of scoliosis treatment, in
addition to spine deformity correction [23-26].

Cast therapy for early onset scoliosis may become
more common if its outcomes are better and unaccepta-
ble complications less than surgical techniques. The
anesthesiologist must be aware of the transient changes
in respiratory mechanics during application of the dero-
tational thoracolumbar cast.

5. Conclusion

Derotational casting for children with early onset scoli-
osis produces a significant decrease in respiratory system
compliance. The magnitude of the decrease mandates
tracheal intubation for the procedure. Cast cut-out, how-
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ever, alleviates the severity of the changes in ventilation
and tracheal extubation can be performed at the conclu-
sion of the procedure.
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