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Introduction
Early onset scoliosis (EOS) is commonly
defined as a deformity of the spine that is
present before age 10 with varying etiologies
including congenital, neuromuscular, syndromic,
and idiopathic1, 2. Patients diagnosed with
EOS may go on to require surgical treatment
aimed at preventing deformity progression and
subsequent pulmonary decline1, 3, 4. Mainstays of
surgical treatments for these patients emphasize
growth-friendly strategies and include the
vertical expandable prosthetic titanium rib
(VEPTR)5, 6, magnetic expansion control
(MAGEC)7, traditional growing rods8, and Shilla
growth guidance9 with the goals of treatment
being to control scoliosis and allow spinal
growth10.
Many patients, particularly those with
neuromuscular or syndromic forms of EOS,
may have hydrocephalus and undergo
ventriculoperitoneal (VP) shunt placement
prior to correction of spinal deformity. These
shunts allow diversion of fluid from the
ventricles of the brain to the peritoneum for
reabsorption. Several case reports and small
retrospective reviews have pointed towards the
possibility of VP shunt fracture or malfunction
following operative correction of scoliosis11-15,
with a potential mechanism being calcification
of the shunt leading to fragility in the setting of
distraction forces16. However, no information
is available for patients treated with growth
friendly strategies of scoliosis correction.
The purpose of this study was to characterize
the risks of scoliosis correction in EOS patients
with preexisting neurosurgical shunts and
understand if the risk of shunt malfunction is
higher in these patients relative to historical
standards.

Methods
A retrospective chart review of all patients with
ventricular peritoneal shunts who underwent
growing instrumentation at a single institution
over a 13-year timeframe was performed. Age and
diagnosis associated with shunt placement were
recorded from the medical record. Shunt related
complications and complications requiring
reoperation were recorded.
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Observations were made between the timing
of shunt malfunction and index spine procedure
as well as subsequent lengthening surgeries. A
minimum of 2 year follow up from the time of
initial growing instrumentation insertion was
required for inclusion.

Results
Nineteen patients with a VP shunt underwent
implantation of Vertical Expandable Prosthetic
Titanium Rib (VEPTR) for treatment of scoliosis
(Figure 1). The mean age at shunt placement
and growing rod instrumentation surgery
was 13.7 months (1 day to 13 years old) and
6.1 years (0.5 to 15.1 years), respectively. The
diagnoses requiring shunt implantation were: 12
(63.2%) spina bifida, 3 (15.8%) structural defects
or obstructions, 2 (10.5%) intraventricular
hemorrhage, 1 (5.3%) cerebral palsy, and 1
(5.3%) campomelic dwarfism.
During the first two years following VEPTR
implantation, there was a mean of 2.5 VEPTR
expansion/revision procedures (0 to 5) without
any shunt related complications. The mean
length of follow-up in this cohort was 7.0 years
(2.6 to 13.2). A total of 3 (15.8%) patients
underwent shunt revision following their VEPTR
implantation at 2.4, 2.6, and 5.6 years post
operatively due to a pressurized shunt, sluggish
refill of the shunt, and distal shunt disconnection
respectively (Figure 2). Each of these shunt
revisions occurred at least 30 days following a
VEPTR expansion procedure (1.9, 2.9, and 5.7
months).

Discussion
This is the largest known report of patients
with EOS undergoing VEPTR implantation and
subsequent lengthening procedures with preexisting ventricular peritoneal shunts. In this
study, we show that in our population there
is not an increased risk of shunt malfunction
relative to baseline VP shunt risk.
Despite the utility and effectiveness of VP
shunts, they are associated with a high degree
of complications and may require additional
surgical procedures over the course of a
patient’s treatment. Rates of shunt complication
requiring a revision procedure range between
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Figure 1. AP and Lateral Scoliosis Radiographs (A)
Pre-VEPTR Insertion; (B) Post-VEPTR insertion in a
child with a ventricular peritoneal shunt

20%-40%17-19, with one report of 64 patients with 15 years of
follow up by Stone et al20 indicating that 84.5% of patients will
require at least one VP shunt revision.
While a single center retrospective review of 35
patients with VP shunts undergoing posterior spinal fusion
demonstrated a low risk of shunt complication12, Lai et al11
reported a series of three neuromuscular scoliosis patients
with long term VP shunts experiencing shunt related
complications following correction of curves by posterior
spinal fusion. Additionally, Blakeney et al21 reported a case of a
10-year-old female undergoing halo-gravity traction leading to
a shunt fracture prior to planned scoliosis correction. Patel et
al22 reported a case of a 12-year-old male undergoing kyphosis
deformity correction leading to shunt malfunction. However,

there has been no documented cases of shunt complication
following growth-friendly methods of scoliosis correction.
Given the amount of distraction forces placed on the spine
and the need for continued expansion of growth friendly
implants23, this poses a continued theoretical risk given the
reported cases of shunt malfunction. While three patients in
our cohort experienced a shunt complication during their
follow up, none of these events occurred within two years
of the index procedure or 30 days of a VEPTR lengthening.
Additionally, none of these were a result of a broken shunt,
which is the common reported complication in previous case
reports11, 21.
Potential explanations of these findings include that the
population studied here, with an average age of 6 years, is
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Figure 2. Burden of shunt-related complications following initial VEPTR implantation
procedure

younger than the age of reported VP shunt complications
and may have a lower likelihood of shunt calcification and
fragility11. Additionally, the distraction force placed on the spine
by growth friendly strategies is likely less than experienced
in traditional posterior fusion techniques. Limitations of this
study include its single center nature and relatively small
sample size, making it difficult to detect potentially rare shunt
related complications. Further multicenter analysis should be
performed to determine the exact risk of ventriculoperitoneal
shunt malfunction in patients with EOS.

Conclusions
EOS patients with pre-existing VP shunts undergoing
deformity correction with growth friendly constructs do not
have a higher risk of shunt related complication. Growing
constructs can safely be employed by pediatric spine surgeons
in these patients without fear of inducing immediate or shortterm shunt complications. Compared to the literature, EOS
patients with VP shunts are at no greater risk for long-term
shunt related complications.

References
1. El-Hawary R, Akbarnia BA. Early Onset Scoliosis—Time for Consensus. Spine deformity.
2015 Mar;3(2):105-6. Epub 2015/03/01.
2. Park HY, Matsumoto H, Feinberg N, et al. The Classification for Early-onset Scoliosis (C-EOS)
Correlates With the Speed of Vertical Expandable Prosthetic Titanium Rib (VEPTR) Proximal Anchor
Failure. J Pediatr Orthop. 2017 Sep;37(6):381-6. Epub 2015/11/14.
3. Canavese F, Dimeglio A. Normal and abnormal spine and thoracic cage development. World
journal of orthopedics. 2013 Oct 18;4(4):167-74. Epub 2013/10/23.

4. Dimeglio A, Canavese F. The growing spine: how spinal deformities influence normal spine
and thoracic cage growth. European spine journal : official publication of the European Spine
Society, the European Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society. 2012 Jan;21(1):64-70. Epub 2011/08/30.
5. Campbell RM, Jr. VEPTR: past experience and the future of VEPTR principles. European spine
journal : official publication of the European Spine Society, the European Spinal Deformity Society,
and the European Section of the Cervical Spine Research Society. 2013 Mar;22 Suppl 2(Suppl
2):S106-17. Epub 2013/01/29.
6. El-Hawary R, Samdani A, Wade J, et al. Rib-based Distraction Surgery Maintains Total Spine
Growth. J Pediatr Orthop. 2016 Dec;36(8):841-6. Epub 2015/06/20.
7. Yoon WW, Sedra F, Shah S, et al. Improvement of pulmonary function in children with earlyonset scoliosis using magnetic growth rods. Spine. 2014 Jul 1;39(15):1196-202. Epub 2014/05/16.
8. Bess S, Akbarnia BA, Thompson GH, et al. Complications of growing-rod treatment for earlyonset scoliosis: analysis of one hundred and forty patients. The Journal of bone and joint surgery
American volume. 2010 Nov 3;92(15):2533-43. Epub 2010/10/05.
9. McCarthy RE, Luhmann S, Lenke L, et al. The Shilla growth guidance technique for
early-onset spinal deformities at 2-year follow-up: a preliminary report. J Pediatr Orthop. 2014
Jan;34(1):1-7. Epub 2013/08/13.
10. Akbarnia BA, Marks DS, Boachie-Adjei O, et al. Dual growing rod technique for the
treatment of progressive early-onset scoliosis: a multicenter study. Spine. 2005 Sep 1;30(17
Suppl):S46-57. Epub 2005/09/03.
11. Lai LP, Egnor MR, Carrion WV, et al. Ventricular peritoneal shunt malfunction after operative
correction of scoliosis: report of three cases. The spine journal : official journal of the North
American Spine Society. 2014 Nov 1;14(11):e5-8. Epub 2014/09/10.
12. Dallas J, Sborov KD, Guidry BS, et al. Complication rates for preexisting baclofen pumps
and ventricular shunts following scoliosis correction: a preliminary study. Journal of neurosurgery
Pediatrics. 2018 Jul;22(1):108-12. Epub 2018/05/05.
13. Geiger F, Parsch D, Carstens C. Complications of scoliosis surgery in children with
myelomeningocele. European spine journal : official publication of the European Spine Society,
the European Spinal Deformity Society, and the European Section of the Cervical Spine Research
Society. 1999;8(1):22-6. Epub 1999/04/06.
14. Baradaran N, Nejat F, Baradaran N, et al. Shunt fracture in two children with
myelomeningocele following spine surgery. Surgical Neurology International. 2010 Oct 6;1:59.
Epub 2010/10/27.
15. Hoover D, Ganju A, Shaffrey CI, et al. Shunt fracture following correction of spinal deformity.
Case illustration. Journal of Neurosurgery. 2000 Jan;92(1 Suppl):122. Epub 2000/01/01.
16. Boch AL, Hermelin E, Sainte-Rose C, et al. Mechanical dysfunction of ventriculoperitoneal
shunts caused by calcification of the silicone rubber catheter. Journal of Neurosurgery. 1998
Jun;88(6):975-82. Epub 1998/06/03.
17. Hung AL, Moran D, Vakili S, et al. Predictors of Ventriculoperitoneal Shunt Revision in
Patients with Idiopathic Normal Pressure Hydrocephalus. World Neurosurgery. 2016 Jun;90:76-81.
Epub 2016/02/27.
18. Reddy GK, Bollam P, Caldito G. Long-term outcomes of ventriculoperitoneal shunt surgery in
patients with hydrocephalus. World neurosurgery. 2014 Feb;81(2):404-10. Epub 2013/02/06.
19. Pan P. Outcome Analysis of Ventriculoperitoneal Shunt Surgery in Pediatric Hydrocephalus.
Journal of Pediatric Neurosciences. 2018 Apr-Jun;13(2):176-81. Epub 2018/08/10.
20. Stone JJ, Walker CT, Jacobson M, et al. Revision rate of pediatric ventriculoperitoneal
shunts after 15 years. Journal of Neurosurgery Pediatrics. 2013 Jan;11(1):15-9. Epub 2012/10/30.
21. Blakeney WG, D’Amato C. Ventriculoperitoneal Shunt Fracture Following Application of
Halo-Gravity Traction: A Case Report. J Pediatr Orthop. 2015 Sep;35(6):e52-4. Epub 2015/05/09.
22. Patel BK, Bapat MR. Ventriculoperitoneal Shunt Malfunction, a Rare Cause of Paraplegia
after Kyphosis Correction: A Case Report and Literature Review. Spine. 2021 Mar 1;46(5):E344-e8.
Epub 2020/11/07.
23. ElBromboly Y, Hurry J, Padhye K, et al. Distraction-Based Surgeries Increase Spine Length
for Patients With Nonidiopathic Early-Onset Scoliosis-5-Year Follow-up. Spine deformity. 2019
Sep;7(5):822-8. Epub 2019/09/10.

UNIVERSITY OF PENNSYLVANIA ORTHOPAEDIC JOURNAL

