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Clinical ethics is a field of study that promotes the use of rational
thought and clinical judgment based on scientific knowledge to
reach conclusions regarding complex clinical problems1,2. Com-
mon subjects in clinical ethics include informed consent, surro-
gate decision-making, refusal of care, medical futility, end-of-life
care, and quality of life.

Spinal fusion in patients with cerebral palsy who have
global involvement, defined as Gross Motor Function Classifi-
cation System (GMFCS) level V, poses an ethical dilemma3. A
child with GMFCS level-V function has severely limited self-
mobility, voluntary muscle control, and ability to keep the head
and trunk upright. A so-called four-topic model has been de-
veloped and validated to assist the clinician in the analysis of
ethical dilemmas in patient care (Table I)1,4-6. This model in-
cludes an evaluation of the indications, patient preferences,
quality of life, and contextual features that underpin medical
decisions. Indications include the problem, history, diagnosis,
prognosis, acuity, how the patient may benefit, how harm may
be avoided, goals of treatment, likelihood of success, and con-
tingency plan in the event of failure. Patient preferences en-
compass the stated wishes of the patient or patient-centered
decision-making by surrogates. Quality of life emphasizes the
goals of restoring, maintaining, or improving the patient’s life.
Contextual features are concerned with other factors that in-
fluence decisions such as religion, culture, the law, confidenti-
ality, research, teaching, economics, and impact on the patient’s
family and medical team.

Stable balanced posture, improved health and function,
increased comfort of the patient, and easing of burden to care-
givers have been posited as indications for spinal fusion7-12.
There are neither randomized controlled trials nor prospective
longitudinal studies comparing fusion of the spine with the
natural history of the disease. Outcomes measured are mostly
observational and based on evaluation by secondary parties
rather than within the affected person. It is difficult to deter-
mine whether favorable rates of satisfaction are the result of
improvement in appearance or whether they represent improve-
ments in comfort and function7-9,12.

Several published studies have used the four-topic model
to assist in complex clinical decision-making, such as chronic
dialysis and craniectomy for traumatic brain injury4,5. The four-
topic model provides an organized framework for evaluation
of ethical dilemmas in a logical, simplified manner and serves
as the structure for the ethical evaluation of spinal fusion in a
child with GMFCS level-V function.

Medical Indications
Indications for the operation include arrest of deformity pro-
gression, avoidance of cardiopulmonary dysfunction, improve-
ment of posture, and ease of care.

The development, severity, and progression of scoliosis
are associated with the severity of the underlying disease. Two-
thirds of institutionalized patients with GMFCS level-V function
develop scoliosis, and most (>80%) of them are tetraplegic13.
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Patients with cerebral palsy can have a delayed skeletal maturity
into the fourth decade of life, increasing the period during
which the deformity may progress7,14. Scoliosis may progress
even after skeletal maturity, with the largest curves progress-
ing most14-16. Bracing does not influence the natural history17,18.
Severity may be lessened and progression may be arrested by
spinal fusion9,13,19. The natural history of untreated scoliosis in
these patients is obscure. Functional decline is associated with
increasing age, but has not been linked causally to curve mag-
nitude16. In one study, more patients with a curve of <45� dem-
onstrated functional loss than did those having a curve of >45�20.
Spinal deformity, including pelvic obliquity, can be improved
with spinal fusion7,13,19,21.

A fundamental challenge to testing cardiopulmonary func-
tion as an indication for a surgical intervention is the reliability of
patient participation in pulmonary function and other active
testing. In a prospective survey of neuromuscular scoliosis (in-
cluding conditions other than cerebral palsy), and a retrospective
study of all levels of cerebral palsy (not limited to GMFCS level
V), subjective lung function as assessed by a questionnaire im-
proved after fusion9,22. No difference was found in oxygen satu-
ration or heart rate between patients with scoliosis of >45� and
those with mild or no scoliosis16,20. Patients with neuromuscular
scoliosis, both those managed with and without spinal fusion,
have been reported to be hypoxemic, with oxygen saturations
averaging 80%10. Children who are more affected by cerebral
palsy (GMFCS level III) have worse results on pulmonary func-
tion tests than those less affected (GMFCS level I), and a positive
correlation has been found between activities of daily living and
respiratory muscle strength23,24. There are no reported differences
in the utilization of pulmonary medication, or in the rate of
pneumonia, between patients with cerebral palsy who have had
fusion and those who have not25. These findings suggest that

pulmonary function may be substantially affected by the under-
lying disease and not by operative treatment.

Many studies of spinal fusion in patients with neuromus-
cular scoliosis have shown subjective improvement in sitting pos-
ture, assessed both prospectively by clinical observation using
published protocols and retrospectively by radiographs, surveys,
and interviews7,9,10,13,21,22. Correction of curve magnitude is con-
sistently achievable26. Patients with scoliosis and GMFCS level-V
function require more wheelchair modifications; with fusion,
they have improved sitting balance and sitting weight distribu-
tion, and they use less support for sitting9,20. While changes in
pressure brought about by the pelvic obliquity that accompanies
spinal deformity may potentially increase decubiti, studies have
not shown a causal connection9,20,25. There are no data, as far as we
know, to suggest that spinal fusion improves hip dislocation rates.

Improvements in other functional outcomes are unclear.
A prospective functional study in patients with mixed cerebral
palsy showed no change in physical function, school absences,
or comorbidities8. No study, to our knowledge, has described a
change in the highest functional level, head control, or feeding
ability12,20,25. Another prospective study of patients with mixed
cerebral palsy showed that, after surgery, the level of indepen-
dence deteriorated at six months and walking ability decreased
at twenty-four months, demonstrating that spinal fusion may
not positively influence functional decline13.

Complication rates have been reported to be as high
as 33.1% within the first three months after the operation
and have ranged from 17.9% to 81%7,10,19,27,28. The most common
complications are infection and pseudarthrosis. The rate of
infection may be underestimated because of short mean
follow-up times, which will not detect delayed presentations19.
Other complications include loss of correction, implant failure,
fracture, junctional deformity, and death11,19,28. Revision rates

TABLE I The Four-Topic Model*

Medical indications Quality of life

Progressive curve of >50�; surgery arrests progression and
partially corrects deformity (1)

Surgery has a high rate of complications (–)

Cardiopulmonary compromise; surgery does not improve cardiac
function (–), and may improve subjective pulmonary function (1/–)

Pain; surgery may reduce pain due to severe spinal deformity (1/–)

Pelvic obliquity

Surgery may require revision (–)

Surgery improves pelvic obliquity (1)

Surgery increases hospitalization (–)

Deformity-causing decubitus ulcers despite chair modifications

Surgery improves posture (1)

Surgery does not decrease decubitus ulcers (–)

Surgery may enhance interaction with surroundings; this is
immeasurable in the globally involved patient (1/–)

Surgical morbidity (–)
Contextual features

Surgery has been associated with decreased life expectancy (1/–)
Altruism, including concern about denial of care (1)

Patient preferences
Decreased caregiver fatigue (1/–)

Unable to assess due to inability of the patient to communicate (–)
Cognitive dissonance (–)

Influence of industry (–)

Cost to health-care system (–)

Physician incentive in fee-for-service reimbursement (–)

*The four topics of clinical ethics with features specific to spinal fusion in cerebral palsy are indicated. Each feature is either in favor of spinal
fusion in globally involved cerebral palsy (1) or against spinal fusion in globally involved cerebral palsy (–).
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after spinal fusion have been reported to be as high as 21%7.
The complication rate increases with greater cognitive impair-
ment, poor hygiene, poor skin, and poor nutrition11,19.

The mean duration of survival after spinal fusion in an
uncontrolled, observational study was found to be eleven
years and two months29. Mortality after spinal fusion has
been reported to range from 0.3% within thirty days to
10% within two years; this is increased from the baseline
mortality rate for patients with cerebral palsy7,28,30. The num-
ber of days in the intensive care unit after the operation and
preoperative hyperkyphosis correlated with mortality29. There
was no correlation between preoperative comorbidities and
the length of postoperative stay in the intensive care unit29.

Variability in definition and reporting as well as the ra-
pidity of technological advances, such as neural monitoring,
instrumentation, imaging, and antifibrinolytics for prophylaxis
against venous thromboembolism, make the interpretation of
results, and the establishment of indications, difficult10,15. An-
other factor is the low level of evidence of the literature. There
is no study with Level-I evidence, to our knowledge. Most studies
are retrospective and rely on surveys in order to measure satis-
factionwith outcomes. The subjectivity of study participants also
manifests in study investigators. One retrospective study with
an 85% satisfaction rate excluded patients who died or suffered
spinal cord injury7. This ratemay decline with the inclusion of all
patients.

In summary, the medical indications for which a con-
sensus may be reached in the literature for spinal fusion in
patients with GMFCS level-V function are improved posture
and a reduction in the need for sitting supports. The medical
indications against spinal fusion are high complication rates
and increased mortality. The evidence is equivocal for other
medical indications, including a change in the natural history
of functional decline, pain, decubitus ulcer, and cardiopulmo-
nary function.

Patient Preferences
Patients with GMFCS level-V function are incapable of partici-
pating actively or directly in decision-making to a meaningful
extent. Clinical ethicists recommend decisions be centered
around the best interests of the patient1,2. Acting in the best
interest of the patient is justified by the ethical guideline of
beneficence. Interests of and benefits to secondary parties, such
as parents and other caregivers, must be subordinated to those
of the patient and must not be the central focus or driving
influence2. However, in this clinical setting, the preferences of
the patient are unknown, and assessment of outcome shifts to
secondary parties.

Quality of Life
Quality of life is determined by an individual’s perception of
what physical, mental, and social sacrifices he or she is willing
to make for an improvement in quality of life. A grade-C rec-
ommendation (poor-quality evidence) has been given after an
evaluation of the literature to determine if spinal fusion for
scoliosis influences the quality of life in patients with GMFCS

level-V function and other neuromuscular conditions31. At the
present time, we know of no higher-quality randomized con-
trolled studies of quality of life from which to make a clear
recommendation for or against surgical intervention for scoli-
osis in these patients.

Quality of life may be affected by pain, most notably
that caused by the impingement of the ribs on the iliac crest on
the concavity, and a concentration of body weight toward the
convexity, in severe curves. In retrospective studies of caregivers,
most express a subjective decrease in pain in patients after spinal
fusion7,12,27. This effect has not been observed when studied pro-
spectively9,22. Objective measures of pain, such as quantity of
analgesics administered and missed days of school, have not
shown a treatment effect from spinal fusion8,9,20,22.

Retrospective studies of patients with mixed levels of
neuromuscular scoliosis have demonstrated subjective im-
provement in physical appearance and self-esteem only in
the setting of normal intelligence7,32. Parents and other care-
givers agree that appearance is improved after spinal fusion12.
These observations may be influenced by detection bias as
it would be difficult for individuals involved in making the
decision to perform surgery to limit this substantial source
of bias.

Contextual Features
Contextual features in surgery encompass social, economic,
and legal considerations. In patients without cerebral palsy,
contextual factors are considered less important because they
are peripheral to the patient. In a patient with GMFCS level-V
function, contextual features rise to prominence as proxies,
displacing the patient from the center of decision-making. Spe-
cific contextual features relevant to spinal fusion in patients
with GMFCS level-V function include hospital resource utili-
zation and throughput, technology, caregiver well-being, cog-
nitive dissonance and placebo effect, physician incentive, and
the education and training of surgeons.

Economic pressures are increasing worldwide for all as-
pects of health care. Spine surgery represents arguably the
greatest such increase in orthopaedics. A hospital resource
utilization review at our institution (unpublished data) dem-
onstrated that spinal fusion for neuromuscular scoliosis consumes
more than three times the resources for the same reimburse-
ment compared with idiopathic scoliosis25. Such cost, with in-
creasing scrutiny of complications, measures of quality, and
linkage to contracting and reimbursement, impact access to
care as institutions shun risky procedures in patients who require
resource-intensive care33,34. This unwritten and undeclared
distribution of resources, passive and obscure, merits ethical
scrutiny.

The parents of children with GMFCS level-V function
are at risk for serious health and social consequences. The rates
of divorce andmaternal depression in families with a child who
has cerebral palsy exceed those of the general population and
are associated with the degree of neuromuscular involvement35,36.
No study of spinal fusion, to our knowledge, includes these
important metrics.
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While one retrospective study showed subjective im-
provement in ease of care after spinal fusion, most prospective
studies have shown no change in ease of care such as time
consumed or physical effort9,12,25. One study described worsen-
ing of the caregiver burden at six months after spinal fusion
because of the increased spasticity of the patient, suggesting
that the overall burden of global disease outweighs the effect of
surgical intervention13. There had been no reported change in
the health of the caregiver8. While reducing caregiver fatigue
may bestow benefit to a child because of the child’s complete
dependence, caregiver perception of benefits has not been sup-
ported by objective measures.

After spinal fusion in patients with GMFCS level-V func-
tion, the literature has described a high level of parent and
caregiver satisfaction, ranging from 81% to 95%7,8,12,25. This
satisfaction is related to the decision and is above and beyond
the patient or the disease: extended caregivers are less likely to
recommend the operation than parents, who demonstrate bias
by their decision on behalf of their child. The gravity of the
decision, related to both the high risk of the procedure and the
sole assumption of responsibility by the parent, is a contextual
factor unique to this patient population.

The pediatric orthopaedic surgeon plays another critical
role in the contextual framework. As long as the prevailing
system of reimbursement is based on fee for service, which
rewards intensity and volume of care, there will be a conflict
of interest that drives spinal fusion and disincentivizes nonop-
erative care. Operative treatment of patients with cerebral palsy
has the support of strong tradition. Disease manifestation is
potentially extreme and consistent. Complications, in particu-
lar neural injury, in a patient with GMFCS level-V function
who is understood a priori to have high risk may be perceived
less negatively. These factors may conspire to inform a favor-
able view of outcomes on the part of the surgeon.

Discussion
The evolution of the four-topic model from medical indications,
patient preferences, and quality of life to contextual features repre-
sents a progression from the quantitative and patient-centered to the
qualitative and environmental. While clinical ethics compel a
greater weighting of the former, evaluation of spinal fusion in
patients with GMFCS level-V function is more influenced by the
latter.

Assessment of indications and outcomes in patients with
GMFCS level-V function is more observational than participatory.
Observational data pass the test of objectivity, and when obtained
from validated quality-of-life instruments, they are informative
and relevant. Subjective data, obtained from participants other than
the patient, are the least robust ethically and empirically. Evaluation
of outcomes and treatment recommendations driven by theory
and what appears logical and self-evident are ethically moot.

Medical indications are assembled for a clear picture of
the facts and probabilities. The diagnosis, course of disease,
goals of treatment, and risks and benefits of the proposed in-
tervention must be carefully considered2. At this time, no ro-
bust evidence exists for medical improvement of the patient

after attainment of a fused spine. Outcomes are inconsistent
and often conflicting, obscuring decision-making. However,
the potential for clear harm exists. In other studies using the
four-topic model, medical indications are underpinned by pow-
ered statistics and control groups, unlike studies on cerebral palsy
with global involvement and spinal fusion4,5.

A fundamental problem that pervades the literature on
this topic is heterogeneity and the lack of strict inclusion cri-
teria. For example, one of the most widely quoted studies
showing improved outcomes after the operation combined
disparate diagnoses, including multiple neuromuscular condi-
tions9. Even within the cerebral palsy cohort, ambulatory pa-
tients, who function at a higher level than patients with GMFCS
level-V function, were included. This exposes the dangers of
extrapolation and a generalized, non-nuanced approach to
neuromuscular scoliosis.

Technological advances in spinal fusion complicate the
assessment of outcomes of spinal fusion. The greater potency of
implants and effectiveness of perioperative care may improve
and encourage spinal fusion. The lack of standardization in
surgical technique and the surgeon experiential difference be-
tween those who publish their results and those who do not
adds to confusion in the interpretation of results.

An essential factor to consider in the treatment of chil-
dren with severe cerebral palsy is cognitive dissonance. Cogni-
tive dissonance describes the tension created from attempting
to reconcile two contradictory beliefs or realities, a tension that
may be relieved by changing one of the two to be consistent.
Randomized controlled trials have been performed in ortho-
paedics exposing the strong role of a placebo effect in surgery,
as exemplified by knee arthroscopy in osteoarthritis and verte-
broplasty for osteoporotic spine fractures37-39. Cognitive disso-
nance is one component of the placebo effect40. Several factors
predispose parents and caregivers to this mechanism. They
consent to an intervention that exposes their child to high risk,
and such exposure is justified by a good outcome. Postdecision
analysis encourages a perception of benefit. Caregivers have
high expectations before the operation8. The cost to the family
and time off work may increase the desire for a successful
outcome40. A poor or fair objective outcome is dissonant with
the decision, preparation, expectations, and increased work,
whereas good subjective outcomes will be harmonious. This
results in a perceived positive outcome by the decision maker.
The physician also is vulnerable. Length of training, complexity
of procedures, and conflict of interest represent a substantial
investment in a good outcome. Acceptance of cognitive disso-
nance is disempowering, devaluing a medical intervention, i.e.,
surgery, which is presumed effective.

While we continue to lack high levels of evidence for sur-
gical management of spine deformity in patients with GMFCS
level-V function, other forces will drive care. Despite the ethical
imperative to avoid them, we rely on observational data obtained
from secondary parties in decision-making, because this is ex-
pedient. Since the patient with GMFCS level-V function is de-
pendent on others for care, increasing others’ quality of life to
improve the patient’s quality of life is compelling.
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Our discipline is dynamic and responsive to the chal-
lenges of caring for these patients. Surgical techniques have
advanced to reduce morbidity, including antifibrinolytics for
prophylaxis against venous thromboembolism, prophylactic
antibiotic powder in the surgical site, and more stable fixation.
These represent steps in an iterative process designed to improve
care. The development of validated health-related quality-of-
life instruments such as CPCHILD (Caregiver Priorities and
Child Health Index of Life with Disabilities) is a response to the
ethical imperative for patient-centered decision-making, care,
and assessment41.

It is debated whether Level-I evidence is necessary or
indicated or even feasible for patients with this condition. Chal-
lenges include poor accrual, shared decision-making with pa-
tients who undermine randomization by treatment preference,
unfeasibility of blinding surgery, and variability introduced by
the surgeon’s skill and experience42 Balancing this view are
randomized controlled trials of selective dorsal rhizotomy
and botulinum toxin in patients with GMFCS level-V function,
which have provided clear and standard guidelines for the use
and assessment of such treatment modalities, as well as robust
evidence for their efficacy43,44.

Our review is a call for prospective and controlled eval-
uation of spinal fusion for the treatment of scoliosis in patients
with GMFCS level-V function. We need to measure objective
data for objective goals that will determine patient-centered
outcomes.We need to eliminate or limit bias wherever possible.
We need consistency in inclusion and in analysis. We need to
acknowledge that the patient in this setting does not participate
in decision-making.We need to control contextual features.We
need to be accepting that we may not succeed, because of the
multiple factors involved and the complexity of disease. If so,
we need to acknowledge the burden-of-proof razor: lack of

evidence for a procedure requires no evidence to dismiss it. It
is incumbent on those who would introduce, apply, or advance
a medical treatment to prove benefit.

In conclusion, evaluation of spinal fusion for scoliosis
in a patient with GMFCS level-V function by the four-topic
model of clinical ethics is challenging, demonstrating the cur-
rent complexity of surgical decision-making and the lack of
robust evidence. Medical indications are conflicting, with var-
iable benefit but a risk of substantial complications. Patient
preferences are impossible to determine. Quality of life is mea-
sured through secondary parties. Contextual features, least im-
portant in an ethical framework, disproportionately drive care.
Spinal fusion in children with cerebral palsy who have GMFCS
level-V function poses an ethical dilemma because of insuffi-
cient and conflicting evidence of benefit, substantial risks, in-
ability of the patient to participate in decision-making or the
evaluation of outcome, and disproportionate emphasis on
caregiver perceptions. n
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