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Abstract

Background: There are currently no evidence-based guidelines addressing the optimal duration of follow-up after
posterior spinal fusion (PSF) for adolescent idiopathic scoliosis (AIS). Despite the safety and efficacy of PSF for AIS,
long-term complications exist, including infection, pseudoarthrosis, adjacent segment disease, deformity progression,
persistent pain, and junctional deformities. In this study, we describe practice variation existing among surgeons
regarding duration and intervals of patient follow-up after surgical treatment of AIS in addition to factors influencing
provider recommendations for duration of radiographic and clinical follow-up. This investigation of practice
variation is important, as opportunities exist for both limiting unnecessary radiation exposure, while also identifying
opportunities for timely intervention to help decrease the morbidity of late complications arising after spinal fusion.

Methods: An anonymous online survey was created and subsequently distributed to members of POSNA and SRS to
assess practice demographics and surgeon opinions surrounding duration of surveillance following surgery for AIS.
Only surgeons who treated at least five operative AIS cases within the past year were included. Descriptive statistics
and comparative sub-analyses are presented.

Results: Forty-nine participants met inclusion criteria. Respondents were mainly pediatric orthopaedic surgeons (92%)
in practice for 21-50 years (49%) who performed approximately 21-50 operative AIS cases per year (49%). Forty-eight
percent of providers had an age limit in their practice, and 52% regularly followed operative AIS patients over 18 years
of age. Sixty-two percent of surgeons followed operative AIS patients for 2-5 years postoperatively, whereas only

4% followed for more than 10 years. The most cited factors impacting follow-up recommendations were junctional
deformities, adjacent segment disease, and symptomatic implants. There were no significant associations between years
in practice, operative volume, and recommendations for duration of follow-up after routine operative AIS cases.
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Conclusions: Significant variability in duration of follow-up after PSF for AIS exists. Although most patients are
clinically followed for 2 years after surgery, only a small percentage of providers follow AIS patients for more

than 10 years postoperatively. Numerous AIS revisions occur more than 5 years after the index surgery. Further

investigations to determine the optimal duration of surveillance following PSF for AIS should be conducted.

Level of Evidence: V

Key Concepts

» Late complications following posterior spinal fusion (PSF) for adolescent idiopathic scoliosis (AIS) may occur 5-10

years after the index surgery and currently, there are no guidelines that outline the optimal duration of postoperative

follow-up.

» Significant variability exists in pediatric orthopaedic provider recommendations for long-term follow-up after PSF

for AIS and is not associated with surgeon experience or case volume.

*  Most providers follow operative AIS patients for 1-2 years postoperatively, and only a small minority follow
operative AIS patients for more than 10 years after the index surgery.

» Persistent back pain, junctional deformity, and symptomatic implants are the most common factors affecting

provider recommendations for duration of follow-up.

* These survey findings may be useful for pediatric orthopaedic providers to operatively manage AIS patients in

determining the need and frequency for routine radiographic and/or clinical follow-up.

Introduction

Posterior Spinal fusion (PSF) for adolescent idiopathic
scoliosis (AIS) improves back pain, self-image, and
health-related quality of life scores for patients with
severe spinal deformity.! Despite the safety and

efficacy of PSF, a subset of patients will develop late-
presenting complications including, but not limited to,
degenerative disc disease (DDD), deformity progression,
late infection, pain, pseudoarthrosis, and junctional
kyphosis.3-!3 The incidence and risk factors for these late
complications are incompletely understood and as such,
there are currently no evidence-based guidelines that
address the optimal duration of follow-up after spinal
fusion. A recent consensus paper argued that the optimal
care of the postoperative AIS patient should include
radiographs taken before discharge, and at 3, 12, and 24
months postoperatively.? However, there is no reported
consensus regarding if patients should be followed
beyond this time frame, especially greater than 5-10
years following the index surgery.

Copyright © 2023 JPOSNA®

Reported revision rates of instrumented PSF for AIS vary
widely. Revision-free survivorship has been described

to decline from index surgery with rates of 82-96%

at 5 years, 77-92% at 10 years, and 87% at 15 years
postoperatively.>*’ Though late complications and
subsequent revisions for AIS continue to occur more than
5 years after spinal fusion for AIS, there is no established
literature describing how surveillance may decrease
morbidity. In the absence of evidence-based guidelines
regarding optimal follow-up for operative AIS patients,
the purpose of this study was to 1) describe current
practice variation that exists among surgeons for duration
of follow-up after surgical treatment of AIS and 2)
identify what factors influence provider clinical decision-
making about duration of follow-up after PSF for AIS.

Materials and Methods

After institutional review board approval, a survey was
developed and approved by the Pediatric Orthopaedic
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Society of North America (POSNA) Evidence Based
Practice Committee and the SRS leadership. It was
simultaneously disseminated to all members of POSNA
and SRS via email in accordance with the policies of
those two organizations. There were no incentives for
survey participation. The target study population included
fellowship-trained orthopaedic surgeons who routinely
manage AIS patients with spinal fusion. Respondents
were first asked if they surgically treated at least five
(5) patients diagnosed with AIS with spinal fusion using
a predominantly pedicle screw-based construct within
the past year. Those who answered “Yes” were invited
to complete the remainder of the survey. If declined, the
survey was automatically terminated. Respondents were
then asked if they were active members of POSNA and
SRS; providers that answered “No” were excluded from
participating in the remainder of the survey. Responses
were collected in Redcap database.

The anonymous online 10-minute survey consisted

of 14 items, which included binary questions (yes/
no), single and multiple choice (select all that apply)
answers, and optional open text boxes. Provider
demographic data such as fellowship training, years
of experience, operative volume, and affiliation with a
university health system and/or teaching hospital were
collected. Follow-up preferences, including duration of
follow-up, were collected. In addition, we asked each
survey responder to provide a selection of clinical,
radiographic, and/or patient factors that influenced
the frequency and/or duration of follow-up after
spinal fusion for AIS. The survey can be found in the
supplemental data.

Data was collected and described qualitatively and
quantitatively. Frequencies of provider demographics,
clinical, or radiographic factors, were evaluated for
associations with recommendations for duration of
follow-up using Pearson y2 analysis or Fisher exact

test where appropriate. All statistical analyses were
performed using commercially available software
(RStudio version 1.1.456, Boston, MA), and the level of
significance was set at p<0.05.

Copyright © 2023 JPOSNA®

Results

Provider Demographics

The survey was distributed to all POSNA and SRS
members; 60 providers elected to participate in the
survey, 48 met inclusion criteria. To prevent duplicate
responses, respondents were asked to participate in the
survey only once, both in the email correspondence
which contained a link to the survey and in the survey
instructions. Eleven participants were excluded from the
study because they selected “No” to surgically treating at
least five (5) AIS patients with a predominantly pedicle-
based construct within the past year. One participant
was excluded from the study, as they reported not being
a member of POSNA or SRS. Most respondents were
both SRS and POSNA members at 58%, whereas 29%
were exclusively POSNA members and 13% were
exclusively SRS members. 92% of respondents were
fellowship-trained pediatric orthopaedic surgeons and
the remaining 8% were fellowship-trained orthopaedic
spine surgeons. There were no neurosurgeons that
participated in this study. Regarding operative volume,
13% performed 5-10 operative AIS cases per year, 21%
performed 11-20 cases per year, 44% performed 21-50
operative AIS cases per year, and lastly 23% reported
performing more than 50 operative AIS cases per year
(Figure 1). Fifty percent of providers reported a clinical
experience of 21-50 years, whereas 27% reported 11-20
years of experience, and 23% reported 0-10 years of
clinical experience (Figure 2). Most providers (83.3%)
were associated with a university health system and/or
teaching hospital.
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Figure 1. Approximate total operative AIS cases per year
reported by survey respondents.
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Figure 2. Clinical experience of survey respondents.

Duration and Frequency of Follow-up

Most providers at 62%, routinely followed AIS patients
for 2-5 years postoperatively, 19% routinely followed
for 1-2 years postoperatively, and 15% for 5-10 years.
Only 4% reported following AIS patients routinely for
more than 10 years postoperatively (Figure 3). A total

of 52% of surgeons reported regularly treating patients
over 18 years of age. Fifty-two percent did not have an
age limit in their clinical practice, compared to 48% who
reported an age limit. When assessing provider protocols
for referring patients to an adult spine surgeon if patients
ever aged out of their practice, 15% of providers reported
officially referring asymptomatic patients to an adult
spine surgeon, whereas 47% of surgeons reported that
they only provide verbal recommendations for continued
follow-up.

For asymptomatic AIS patients who were more than
5 years from the index surgery who were deemed to
have an acceptable radiographic and clinical outcome

40%
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Figure 3. Provider preference for duration of follow-up
following spinal fusion for AIS.
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at their most recent clinical visit, 40% of surgeons
would recommend routine clinical and/or radiographic
follow-up beyond 5 years compared to 56% who would
not recommend additional follow-up. The remaining
4% of respondents reported that their recommendation
for follow-up beyond 5 years, depends on 1) skeletal
maturity and age of the patient and 2) the behavior of the
compensatory curve and whether it was included in the
fusion construct. There were no statistically significant
associations between provider demographics and
duration of follow-up and recommendation for duration
of follow-up.

Factors Affecting Decision-Making

Factors affecting decision-making for frequency and
duration of postoperative follow-up are detailed in
Figure 4. The most common cited factors providers
considered for determining duration and frequency

of follow-up included persistent back pain (68% of
respondents), junctional deformity (66%), symptomatic
implants (61%), and infectious-related complications
(49%). The least common cited factors were location of
the upper instrumented vertebrae (10% of respondents)
and patient activity level (15%). For the 10% (n=4) of
providers that selected the “other” category, one provider
mentioned “skeletal maturity” as an important factor in
determining follow-up, and the remainder of providers
reported they always follow patients into adulthood,
and therefore, none of the listed factors impacted their
decision-making for duration of follow-up. There

was an association between provider experience and
clinical factors affecting follow-up, as providers with
more than 20 years in clinical practice were the least
likely to select patient activity level (p=0.008) or fusion
length (p=0.033) as being a factor in their clinical
decision-making.

Of the eight providers who responded “Yes” to having
specific indications for recommending long-term clinical
follow-up postoperatively, all reported that subjective
patient concerns and symptoms, such as persistent pain,
infection, or noticeable deformity as influencing their
decision-making with regards to duration of radiographic
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Figure 4. Factors affecting duration and frequency of follow-up after spinal fusion for AIS.

and/or clinical follow-up. When asked if providers

have personally seen a post-operative complication
arise in their practice 5-10 years following the index
surgery, 21% (n=10) responded “Yes.” These specific
complications listed included implant failure or broken
implants (50% of responses), development of proximal
and distal junctional deformity (40%), pseudoarthrosis
(10%), progression of an unfused curve (10%), and disc
herniation (10%).

Discussion

Revisions for AIS due to various postoperative
complications can occur well beyond 2 years from the
initial surgery with a significant number of reoperations
occurring more than 5 years postoperatively.!”-127
Despite the occurrence of late complications, data from
a large prospective study group suggests that only 39%
of patients are followed more than 5 years after the
index surgery.? In the survey we administered, while
40% of providers recommended routine postoperative
follow-up after 5 years in a patient deemed to have an
acceptable radiographic or clinical outcome, only 19%
reported seeing operative AIS patients in their practice
more than 5 years from the index surgery. In addition,
for the providers who had specific indications for long-
term clinical follow-up, these indications were all related
to persistent symptoms or concerns in the symptomatic
patient.

Copyright © 2023 JPOSNA®

Reported revision rates following spinal fusion for

AIS range from 5-20% and continue well after 5-10
years postoperatively.>7 The indications for revision
remain widespread with long-term studies documenting
common etiologies such as pseudoarthrosis and implant
failure (0.4%-17%), persistent back pain (0.8%-

4.5%), infection (1.4%-9.1%), symptomatic implants
(1.4-12%), and adjacent segment disease and deformity
progression (0.5-7%).42! A large prospective study

of AIS patients with a minimum 10-year follow-up
documented a 10% complication and 6% reoperation rate
with revisions occurring for infection, adjacent segment
disease, and proximal junctional kyphosis throughout
the entire 10-year period.?? The most common need

for late revisions appears to be related to implant
failure, pseudoarthrosis, junctional deformity, and late
infection.>2® This finding is partly reflected in our survey
responses as implant failure and junctional deformity
were the two most common complications cited in

the 10% of providers who reported personally seeing
complications arise 5-10 years postoperatively from the
index surgery in operative AIS patients.

Even in the absence of revisions, the incidence of
radiographic evidence consistent with adjacent segment
disease has been documented to increase with increasing
duration of follow-up. A retrospective cohort of AIS
patients with a minimum of 5 years of follow-up
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demonstrated a 26% incidence of PJK at an average

of 7 years postoperatively, and the proximal junctional
angle in these patients progressively increased until

the final year of follow-up.'# Furthermore, when
assessing the prevalence of DDD, a recent cross-
sectional study found 7% of operative AIS patients
developed significant radiographic evidence of disc
degeneration up to 10 years after surgery.!> Despite
this, the benefit of surveillance to detect these findings
has not been established. Although technological
advances have resulted in overall decreased radiation
exposure, the risks of long-term radiation and excessive
costs to patients and their families to detect late
radiographic changes with varying degrees of clinical
significance, especially in the asymptomatic patient,
are not negligible and likely influence both surgeon and
patient preferences for routine radiographic follow-up
postoperatively.

There is no clear evidence that early detection through
surveillance could prevent morbidity associated with
the later complications described in the literature. Some
studies suggest that routine radiographic follow-up
after 5 years offers little to no benefit in AIS patients
who received PSF with third-generation implants,

as continued surveillance may not ultimately affect
revisions rates, quality of life scores, or changes in
therapy.?3* A large study of 265 patients treated with
PSF for scoliosis found that postoperative radiography
was rarely useful, with only 0.6% of postoperative
radiographs demonstrating an implant-related
complication, none of which occurred in asymptomatic
patients.?> Similarly, Mens et al. argued that even routine
2-year radiographic follow-up added no value to the
postoperative care of AIS patients, demonstrating in a
cohort of 63 AIS patients that no significant changes

to any radiographic parameters were observed from
1-2 years postoperatively.?® It should be noted that the
focus of these papers was specifically on the utility

of radiographic, not clinical follow-up. These reports
emphasize radiographic findings significant enough

to change management are exceedingly rare in the
asymptomatic AIS patient.
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A recent study in 80 operative AIS cases found that
patients with late presenting complications needing
reoperation between 2 and 5 years postoperatively
presented during unplanned visits rather than routine
follow-up appointments.?? This suggests that not only are
symptomatic patients likely to present on an as-needed
basis in the long term but patient-reported outcome
measures (PROMs), a validated tool in surgically treated
AIS patients, may be more useful for identifying patients
at risk for reoperation. Ghandari et al. found a positive
correlation between Oswestry Disability Index (ODI)
scores and follow-up periods, indicating that patients
with inferior scores tended to present in long-term
follow-up settings more often compared to those with
superior scores.'> Given this, perhaps collecting PROMs
at follow-up intervals beyond 5-10 years may be helpful
in identifying patients at risk for complications and could
facilitate follow-up for those with clinical concerns who
would otherwise not present without prompting.

Though the clinical benefits of and definitions of long-
term follow-up are not clear, there is a consensus that
long-term follow-up is critical in the research setting to
establish the safety and efficacy of interventions for AIS.
As such, the SRS requires at least 2 years of follow-up
on clinical studies being submitted for presentation

at its annual meeting and publication in its official
journal.?® Given incidence of late complications and the
rise in popularity of non-fusion treatments for scoliosis,
2-year follow-up may not be sufficient to adequately
differentiate outcomes between novel and established
interventions.

This study has several inherent limitations found in
similar studies reporting survey results. Firstly, only a
small percentage of members who received the survey
fully completed it. This finding was not unexpected,
although survey studies have become a popular design
method of research over the last decade, response rates
continue to downtrend possibly reflecting respondent
fatigue.?” In addition, given inclusion criteria for the
study was described in email correspondence during
initial distribution of the survey, it is possible that
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responders self-excluded from participating in the survey
preventing us from obtaining a more accurate response
rate. Those who responded were disproportionately from
academic practice settings and thus these results may
not be representative of non-academic practice patterns.
Lastly, because this study focused on recommendations
for duration of follow-up given by surgeons who

treat AIS, we did not include spine surgeons who
exclusively treat adult patients. Completion of
follow-up recommendations into adulthood may be
largely dependent on patient decision-making and adult
providers, neither of which were surveyed here. Despite
these limitations, this is the first study that attempts

to understand the practice pattern variation that exists
among surgeons regarding long-term follow-up after
spinal fusion for AIS.

Conclusion

In this survey study, we demonstrate that significant
variability exists in recommendations for long-term
follow-up after PSF for AIS and is not associated

with surgeon experience or case volume. Although
most patients are clinically followed up to 2 years
postoperatively, only a small percentage of providers
follow operative AIS patients for more than 5-10 years
after the index surgery. To date, there are currently

no evidence-based guidelines for optimal duration of
follow-up and the benefit of long-term surveillance
after spinal fusion for AIS is unclear. Given that late
complications frequently arise more than 5 years after
the index surgery, further investigation would be needed
to establish the benefits of long-term radiographic
surveillance following spinal fusion in operative AIS
patients. In addition, given the hazards of long-term
radiation exposure remain pertinent, further studies
should also focus on the use of PROMs at 5- and 10-year
intervals as a method of long-term surveillance to trigger
clinical and if needed, radiographic follow-up for the
symptomatic operative AIS patient.
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Additional Links

*  POSNAcademy: Posterior Spinal Instrumentation

and Fusion for Treatment of Adolescent Idiopathic

Scoliosis

¢ POSNA Position Statement on Screening for the

Early Detection of Idiopathic Scoliosis in Adolescents
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