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Abstract: Background: The implications of delaying surgical intervention for patients with adolescent
idiopathic scoliosis (AIS) wishing to undergo vertebral body tethering (VBT) have not yet been
explored. It is important to understand how these delays can impact surgical planning and patient
outcomes. Methods: This was a retrospective review that analyzed all AIS patients treated between
2015 and 2021 at a single tertiary center. Time to surgery from initial surgical consultation and ultimate
surgical plan were assessed. Patient characteristics, potential risk factors associated with increased
curve progression, and reasons for delay were also analyzed. Results: 174 patients were evaluated
and 95 were scheduled for VBT. Four patients later required a change to posterior spinal fusion
(PSF) due to excessive curve progression. Patients requiring PSF were shown to have significantly
longer delays than those who received VBT. Additionally, longer delays, younger age, greater
curve progression, and lower skeletal maturity were correlated with significant curve progression
(≥5 degrees). Conclusions: Surgical delays for AIS patients awaiting VBT may lead to significant
curve progression and necessitate more invasive procedures. Patients with longer delays experienced
an increased risk of needing PSF instead of VBT. Of those requiring PSF, the majority were due to
insurance denials. Optimizing surgical timing and shared decision-making among patients, families,
and healthcare providers are essential for achieving the best outcomes.

Keywords: adolescent idiopathic scoliosis; vertebral body tethering; posterior spinal fusion; surgical
delay; curve progression; skeletal maturity

1. Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional deformity of the spine
defined as lateral spinal curvature of 10 or more degrees [1,2]. AIS is the most common
form of scoliosis affecting 2% to 3% of adolescents ≤16 years of age globally [1,2]. Of these,
0.3% to 0.5% will have a curvature of ≥20 degrees, which is when treatment is generally
recommended [1–3]. Although the majority of children with AIS will not require any
intervention, those with moderate-to-severe curves are at risk of lifelong curve progression
and subsequent pulmonary dysfunction, pain, and deformity [1,4]. Curves between 20 and
40 degrees are typically trialed with nonoperative management as a first attempt. In patients
with AIS, bracing is the standard of care [5,6]. Patients are instructed to wear the brace for
18 hours per day to prevent further curve progression [5]. However, many curves in this
range will continue to increase due to refractory progression or patient noncompliance [5,6].
When nonoperative management fails, surgical intervention is required to correct the
deformity, prevent further curve progression, and minimize morbidity [3].

Posterior spinal fusion (PSF) and vertebral body tethering (VBT) are surgical treatment
options for AIS. Indications for VBT include skeletally immature patients with AIS and
a curve magnitude between 40 and 65 degrees. VBT usually involves the thoracoscopic
placement of screws on the convexity of the curve which are then linked by a flexible plastic
cord. Through the Heuter–Volkmann principle, there may be an additional correction of
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the curve as the child grows over time [7–9]. Current reports show promising results with
several unique benefits differentiating VBT from PSF, including preserved spinal growth,
shorter recovery, potentially better functional outcomes, and less motion loss [10–14].
However, VBT is also associated with higher reoperation rates and a lesser curve correction
when compared to fusion surgery [12].

The indications for VBT are quite narrow, and not all surgical AIS patients meet
inclusion criteria. Patients with large, stiff curves who have inadequate growth remaining
are not candidates for VBT. In these cases, PSF remains a reliable and powerful surgical
treatment option. Patients with PSF are under less of a time constraint as the procedure
can be performed successfully after skeletal maturity and for stiff curves or those greater
than 65 degrees [15]. Some patients who are VBT candidates on presentation may have
curve progression or complete skeletal growth while awaiting surgery, which results in the
loss of the treatment window for VBT. Furthermore, narrowed indications for VBT may
reduce reoperation rates, which would suggest that the careful timing of the procedure
based on curve magnitude and growth remaining is critical for the long-term viability of
this procedure.

Our practice participates in formal shared decision-making strategies to present op-
tions of VBT and PSF to patients and parents in a standard, comprehensible fashion [16].
This empowers families to make the best decision based on their preferences and values
as well as the current knowledge regarding VBT. However, we noted in our practice that
there were significant delays from when a decision for surgery had been made until the
surgical date; in some cases, at the preoperative visit, patients were no longer candidates for
VBT due to curve progression or advanced skeletal maturity. No prior study has assessed
how delays in treatment for patients planning to undergo VBT have affected final surgical
intervention and scoliotic progression. We sought to study the impact of surgical delay
on our VBT practice and to determine which patients were at the greatest risk of curve
progression while awaiting surgery. Furthermore, we aimed to evaluate the rate at which
these changes occur in order to better assess a patient’s surgical options.

2. Materials and Methods

After IRB approval, we retrospectively reviewed patients with AIS that presented be-
tween 2015 and 2021 at a single tertiary referral center and were offered VBT surgery. A
medical record data exploration and retrieval tool was utilized to identify patients for in-
clusion in our study. Patients were included if two sets of radiographs were utilized for
decision-making: one used at the consultation visit and another used at the preoperative
visit. The consultation visit was defined as the encounter at which surgical intervention was
recommended, and the preoperative visit was the encounter immediately prior to surgery.
Patients were excluded if the two radiographs were taken less than 28 days apart. Typically,
a second radiograph within this interval would be considered unnecessary as the minimal
change that might occur within 28 days would be unlikely to alter the surgical plan.

Coronal curvature and Risser sign staging were collected at the two time points. These
measurements were agreed upon by two physicians. Bone age using Sander’s simplified
skeletal maturity scale (SSMS) was also collected at the time of initial consultation. Finally,
any changes to surgical plan and the reasons for surgical delay as mentioned in visit notes
were reported.

Primary analysis compared time delay between those who underwent VBT and those
with extensive curve progression requiring a change to PSF. Additional analysis involved
separating the participants into two groups: those who progressed ≥5 degrees (group A)
between the initial consult and surgery and those who did not (group B). Potential risk
factors were then analyzed between these two groups, including age, sex, curve type, curve
magnitude, Risser, SSMS, and time delay.

Data were evaluated using the GraphPad Prism statistics software version 10.0.2.
Standard descriptive statistics, such as the mean and the standard deviation were calculated
for patient demographic information. The time delays and risk factors were analyzed for
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significance using two-tail t-tests, Mann–Whitney tests, or Chi-square tests, depending on
the type and distribution of the data collected. Two-tail significance levels were reported.
Significance was set at α = 0.05.

3. Results

During the study period, 174 patients were evaluated for VBT surgery. Furthermore,
95 patients of those evaluated were scheduled for VBT surgery based on surgeon recom-
mendation and patient/family preferences. Ultimately, 91 patients received VBT, and
4 patients received PSF due to curve progression (Table 1).

Among the 95 patients treated, there was an average curve progression of 5.2 degrees
while awaiting surgery. This equated to an average of 1.91 degrees per month. A total of
48 patients of the 95 experienced curve progression of ≥5 degrees. Of the 91 patients that
underwent VBT, 66 received thoracic tethers (72.5%), 12 received lumbar tethers (13.2%),
and 13 received both thoracic and lumbar tethers (14.3%). Three patients required thoracic
PSF, and one patient underwent both thoracic and lumbar PSF (Figure 1).

Patients with VBT with thoracic tethers had an average progression of 4.5 degrees
(range: −7 degrees to 32 degrees), while patients with lumbar tethers had an average
progression of 2.8 degrees (range: −6 degrees to 12 degrees). Patients with both thoracic
and lumbar tethers had an average thoracic progression of 6.2 degrees (range: 2 degrees
to 22 degrees) and an average lumbar progression of 5.2 degrees (range: −1 degrees to
21 degrees). Patients that required PSF had an average thoracic progression of 14 degrees
(range: 6 degrees to 21 degrees). The single patient with a lumbar curve had a progression
of 13 degrees.
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Table 1. Demographics.

VBT (N = 91) PSF (N = 4)

Level Thoracic Lumbar Both Thoracic Both

N 66 12 13 3 1

Sex (M/F) 12/54 3/9 3/10 1/2 0/1

Age at Consult 12.8 (1.5) 14 (1.6) 12.8 (1.4) 12.6 (1.5) 12

Curve at Consult (degrees) 48.6 (6.8) 47.6 (5.2) T: 45.7 (9.4) L: 44.7 (8.4) 48.7 (3.5) T: 40 L: 52

Curve at Surgery (degrees) 50.4 (6.3) 53.1 (8.5) T: 51.8 (7.2) L: 49.8 (7) 63 (6.2) T: 57 L: 65

Change in Curve (degrees) 4.5 (6) 2.8 (4.8) T: 6.2 (6.4) L: 5.2 (6.8) 14.3 (7.6) 17 13

Risser at Consult 0.7 (1.1) 1 (1.4) 0.2 (0.6) 1 (1) 0

SSMS at Consult 3.9 (1.1) 4 (0.9) 3.8 (0.9) 4 (1) 3

Data presented as mean (standard deviation). T, thoracic; L; lumbar.

3.1. Surgical Time Delay

The average time from initial consultation to VBT surgery was 74.8 days (range:
22–246) and 91.9 days (range: 28–245) from initial radiograph to surgical date (Table 2).
Initial radiographs were taken an average of 20.8 days (range: 0–100 days) prior to the
surgical consultation visit for patients that underwent VBT. Among the four patients that
switched to PSF, the average time from initial consultation to PSF surgery was 330 days
(range: 164–793) and 361 days (range: 203–792) from initial radiographs to surgery. For
patients that underwent PSF, initial radiographs were taken an average of 34.8 days (range:
0–91 days) prior to the surgical consultation visit. Of note, the longest interval of 792 days
involved two separate delays: one due to family preference and a second due to COVID-19
concerns. When compared to the VBT group, the patients requiring PSF experienced
significantly longer delays in the time from initial consult to surgery (p < 0.00001) and from
first to second radiographs (p < 0.00001).

Table 2. Time to surgical intervention.

VBT (N = 91) PSF (N = 4) p-Value

Time from Consult to Surgery 74.8 days (38.6) 329.5 days (309.3) <0.00001

Time from First to Second Radiograph 91.9 days (40.5) 361 days (288.7) <0.00001
Data presented as mean (standard deviation).

3.2. Risk Factors

When analyzing potential risk factors in patients from group A (curve progression
≥ 5 degrees) compared to group B (curve progression < 5 degrees), we found there was
no significant difference in sex, curve type, or Risser scores (Table 3). Curve magnitude at
consultation was also found to be insignificant; however, the curve magnitude at the time
of surgery and the overall change in curve magnitude were both found to be significantly
higher in group A (p < 0.00001, respectively). Time from consultation to surgery (p = 0.0010)
and from first to second radiographs (p = 0.0015) were both significantly longer in group A.
We also found that group A was made up of younger patients at both the initial consultation
(p = 0.0094) and surgery (p = 0.030). Furthermore, our analysis showed patients in group A
had a lower SSMS at the initial visit (0.012).
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Table 3. Risk factors for curve progression.

A: Curve Progression ≥ 5
Degrees (N = 48)

B: Curve Progression < 5
Degrees (N = 47) p-Value

Time from Surgical Consult to Surgery Date (days) 106.2 (111.5) 64.3 (30.8) 0.0010

Time from First to Second Radiograph (days) 124.5 (110.6) 81.5 (35.1) 0.0015

Age at Consult 12.6 (1.6) 13.4 (1.4) 0.0094

Age at Surgery 12.8 (1.7) 13.5 (1.4) 0.030

Gender (% male) 22.9% 17.0% 0.52

Risser at Consult 0.6 (1.1) 0.7 (1.1) 0.22

Risser at Surgery 1.1 (1.4) 1.0 (1.3) 0.68

Change in Risser 0.5 (0.8) 0.3 (0.5) 0.17

SSMS at Consult 3.7 (1) 4.1 (1) 0.012

Curve Magnitude at Consult (degrees) 48 (6.6) 48.8 (6.6) 0.70

Curve Magnitude at Surgery (degrees) 57.1 (7.6) 49.5 (6.7) <0.00001

Change in Curve Magnitude (degrees) 9.5 (5.8) 0.7 (2.7) <0.00001

Curve Type
(% Thoracic/Lumbar/Both)

Thoracic: 75%
Lumbar: 8.3%
Both: 16.7%

Thoracic: 72.3%
Lumbar: 17%
Both: 10.6%

0.37

Data presented as mean (standard deviation).

3.3. Reasons for Surgical Delay

The reported delays between consultation and surgery were due to multiple causes,
including family preference, availability of surgical dates, insurance, and COVID-19 concerns
(Table 4). A total of 59 patients (64%) experienced a delay of 60 days or more between initial
consultation and surgery. The most prevalent reason for delay within any time interval was
family preference (73%). Family preference included factors such as the time taken by families
to consider their surgical options or deferred scheduling due to school, sports, or work.

Table 4. Reasons for surgical delay.

Delay 60–120 Days Delay 120–180 Days Delay > 180 Days

Insurance 1 4 1

Family Preference 29 8 2

Availability of Surgical Dates 12 - -

COVID-19 Concerns 1 - 1
Data presented as number of patients.

4. Discussion

Adolescent idiopathic scoliosis can progress rapidly if not treated in a timely manner.
Patients’ risk of progression is affected by several factors, including the degree and location
of the curve, sex, age, and skeletal maturity [17,18]. Prior studies have shown that delays
in scheduling fusion surgery can be deleterious for scoliosis patients. It has been shown
that 14.8% of patients waiting for more than 180 days had a higher likelihood of additional
surgery, such as anterior release, due to curvature progression [19]. Surgical risks and
adverse events are also increased when surgical intervention is delayed. Curve progression
can result in longer operative times, greater blood loss, and a higher risk of neurological
complications [19–23]. Furthermore, delay in surgery can result in longer fusion constructs,
decreased surgical satisfaction, and increased postoperative pain [19,24–27].

Scheduling challenges are common for patients and families planning scoliosis surgery.
Arrangements must be made for time off work for parents and caregivers, missed school
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days for patients, travel to the hospital, and insurance deductibles. For VBT, there is the
additional challenge of obtaining insurance pre-approval prior to surgery, which can require
multiple appeals as the procedure is not universally covered by insurers. We noticed in our
practice that several patients had progression of the curve or increased skeletal maturity,
which rendered them ineligible for the planned VBT procedure.

When assessing patient candidacy for VBT, timing becomes increasingly important.
In contrast to fusion surgery, the indications for VBT are narrow. Once the patient is past
skeletal maturity or the major coronal curvature progresses beyond 65 degrees, VBT is no
longer a treatment option according to the U.S. FDA HDE criteria. Most patients that fall
outside of these guidelines require PSF to achieve the necessary correction. Four patients in
our cohort were initially considered for VBT surgery but were subsequently rescheduled
for PSF. One of these patients progressed past the recommended major coronal curvature
while waiting for insurance approval and ended up requiring PSF.

There is a long, documented history of the insurance approval process causing delays
in treatment [28–30]. While some conditions may not worsen during this delay time, others,
like scoliosis, face an impending risk of progression and increased surgical morbidity.
Prior to FDA approval of VBT in 2019, PSF was the recommended surgical treatment for
patients. While delaying PSF by months to years may lead to the necessity for preoperative
traction, more extensive procedures with longer surgery times, an increase in the number
of vertebrae involved in the construct, and a greater risk for neurological injury during
surgery, the operative strategy remains similar regardless of a major coronal curvature at
the time of intervention [20–23]. In contrast, curve progression over just weeks to months
can result in a need to change a planned VBT to PSF surgery.

Socioeconomic status and race can also impact access to care in patients with AIS.
Prior studies have shown that black patients with public insurance have a higher chance
of presenting with initial curves greater than 40 degrees resulting in disparate access to
nonoperative treatment [31,32]. Another study showed that curve severity was positively
correlated with BMI and negatively correlated with income [33]. While the delays in
our patients requiring a change from VBT to PSF were attributed to insurance denials,
family preferences, and the COVID-19 pandemic, further research assessing the impact of
socioeconomic status on treatment delays is needed.

For patients and families who prefer VBT, a change in surgical plan to fusion surgery
can be disappointing. In our four patients, one of the surgical delays was attributed
to difficulties in obtaining insurance approval for the procedure. Insurance delays for
patients with VBT are a phenomenon not unique to our institution. A plaintiff from
Massachusetts recently brought a lawsuit against Anthem Blue Cross and Blue Shield and
others for rejecting and ignoring the plaintiff’s request for VBT surgery despite evidence
supporting its medical necessity and the plaintiff’s entitlement to coverage [34]. The case
was eventually settled out of court.

The study’s retrospective design, relatively small sample size, and data collection at
a single tertiary center pose limitations that may impact data accuracy, generalizability,
and statistical power. Furthermore, the study lacks the consideration of race and socioe-
conomic factors and preferences that could also influence measured outcomes. Future
research should prioritize prospective, multicenter investigations with larger and more
diverse cohorts to mitigate biases, enhance applicability, and strengthen statistical validity.
Additional research should be directed toward elucidating common causes of insurance
delays and delays due to family preference and can help us to work better with our patients
to ensure prompt treatment.

5. Conclusions

This study evaluates the impact of surgical delays for patients planning to undergo VBT
surgery. It also highlights the challenges of aligning surgical schedules with the optimal
treatment window and the potential consequences of missing this window, including tran-
sitioning from planned VBT to PSF. In our study, we identified four patients who required
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fusion instead of VBT due to prolonged delays and extensive curve progression; of these
patients, one patient was delayed due to insurance denials, two were delayed because of
family preference, and one was delayed due to the COVID 19 pandemic. Given these findings,
once the decision has been made to pursue VBT, families should schedule surgery in a timely
manner as delaying for an optimum time can put the child at risk for needing fusion surgery,
particularly in younger patients. We hope these data may be used to support requests for the
expedited review of VBT insurance appeals, as delays in surgical treatment and subsequent
changes to planned AIS treatments may adversely affect patient outcomes. Limitations to
our study include a small sample size and data collected from a single large tertiary center.
Further research into this topic should be conducted on a larger scale.
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