CLINICAL NEUROSCIENCE

Kazaxs souRNAL OF ISSN 1813-3908

B | Kazakh Journal of Clinical Neuroscience p

Methodological Article & Framework
Implementing Spring-Assisted Posterior Vault Expansion in
Emerging Craniofacial Units: A Practical Framework for

Received: January 05, 2026
Revised: January 27, 2026

Accepted: January 27, 2026
Published: March 30, 2026

Citation: Owase Jeelani, Amparo Saenz.

Implementing spring-assisted posterior
vault expansion in emerging
craniofacial units: A practical
framework for centres new to the
technique. Kaz J Clin NeuSci. 2026, 79
(1), kjcn041.
https://doi.org/10.53498/mm8qqf34

This work is licensed under a Creative
Commons Attribution 4.0 International
License

Centres New to the Technique

Owase Jeelani ", Amparo Saenz 2

1 Professor, Consultant Paediatric Neurosurgeon, Craniofacial Unit, Great Ormond Street Hospital for
Children, London, United Kingdom. E-mail: owase jeelani@gosh.nhs.uk

2 Pediatric Neurosurgeon, Craniofacial Unit, Great Ormond Street Hospital for Children, London, United
Kingdom. E-mail: amparo.saenz@gosh.nhs.uk

*Corresponding author: owase jeelani@gosh.nhs.uk

Abstract

Spring-assisted posterior vault expansion (SA-PVE) has emerged over the past two
decades as an effective and less invasive alternative to traditional open posterior vault
remodeling for children with multisuture or syndromic craniosynostosis. The
technique provides reliable intracranial volume expansion, favourable scar and
morbidity profiles, and is particularly advantageous for infants and children with
raised intracranial pressure. However, despite its established efficacy in high-volume
craniofacial units, SA-PVE remains unavailable in many countries due to limited
specialised expertise, lack of structured training, and uncertainty regarding safe
implementation. There is therefore a need for a practical, clinically oriented framework
to guide new centres through the early adoption of this technique.

Methods. This article synthesises the operative, perioperative, and programme-level
considerations necessary for the safe introduction of SA-PVE in emerging craniofacial
units. Drawing on experience from a high-volume paediatric neurosurgical and
craniofacial centre, we describe essential components including patient selection,
multidisciplinary preoperative assessment, operative workflow of the classic SA-PVE
technique, postoperative management, and long-term follow-up pathways. We outline
a structured three-stage training and partnership model for capacity building and
provide guidance on outcome monitoring, data collection, and programme auditing.
The manuscript integrates published evidence and practical experience to produce a
coherent implementation framework applicable across varying resource settings.
Results. SA-PVE was identified as a reproducible and adaptable technique suitable for
both aesthetic and functional indications. Key determinants of successful adoption
include accurate diagnosis of craniosynostosis subtype, confirmation of raised
intracranial pressure where relevant, and careful radiological, ophthalmological, and
genetic assessment. The operative technique—as refined through large single-centre
series—is characterised by limited dissection, low blood loss, short operative time, and
tension-free closure. Early postoperative recovery is typically rapid, with short
hospitalisation and low complication rates. Long-term follow-up requires structured
ophthalmological review, interval imaging, three-dimensional photography, and
multidisciplinary surveillance extending into adolescence. For centres new to the
technique, robust auditing of operative metrics, spring characteristics, radiological
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outcomes, and postoperative morbidity provides essential feedback for progressive
refinement and ensures alignment with international standards. A staged mentorship
model —comprising observational learning, supervised local cases, and remote
collaboration —supports safe and sustainable transfer of expertise.

Conclusion: SA-PVE is a safe, efficient, and physiologically favourable intervention for
children with complex craniosynostosis. Its introduction into new healthcare
environments is feasible when supported by structured training, multidisciplinary
planning, and rigorous postoperative surveillance. By outlining practical steps for
implementation—from patient selection to long-term follow-up—this framework
provides a roadmap for centres aiming to establish SA-PVE programmes for the first
time. Adoption of these principles can help ensure high standards of care, reduce
perioperative risks, and expand global access to modern craniofacial surgery.

Keywords: spring-assisted posterior vault expansion, craniosynostosis, intracranial
pressure, paediatric craniofacial surgery, operative implementation, multisuture

synostosis.

1. Introduction

Craniosynostosis involving multiple sutures or
syndromic diagnoses presents one of the most complex
challenges in paediatric craniofacial surgery [1]. In these
patients, premature fusion of the cranial sutures
disrupts skull growth, frequently leading to raised
intracranial ~ pressure  (ICP), impaired brain
development, visual deterioration, and progressive
cranial deformity [2]. Posterior vault expansion is a
central component of modern management, as it
provides substantial increases in intracranial volume
(ICV) and effectively addresses the functional
consequences of restricted posterior cranial fossa
growth [2,3]. Over the past two decades, spring-assisted
posterior vault expansion (SA-PVE) has emerged as a
safe, less invasive, and highly effective alternative to
traditional open posterior vault remodeling [4]. By
using internal springs to generate controlled distraction
forces over several months, SA-PVE achieves gradual
calvarial expansion with reduced operative trauma,
shorter hospitalisation, and a favourable complication
profile reported across high-volume centres [4-6].

Despite its demonstrated benefits, the availability
of SA-PVE remains uneven worldwide. Many
countries, particularly those without established
craniofacial units, continue to rely exclusively on
extensive open cranial vault procedures. These
approaches, while effective, are associated with greater
operative blood loss, higher physiological stress, and
longer recovery, making them less suitable for infants
or children with syndromic comorbidities [7,8]. In
parallel, the adoption of distraction-based posterior
vault techniques has been limited by technological
barriers, lack of specialised training, and uncertainty
regarding how such procedures should be safely
introduced into new healthcare environments.

As global surgical collaborations expand, there is
increasing recognition of the need for structured,
ethically robust frameworks to support the introduction
of specialised surgical techniques in countries where
they have not previously been available. Successful
implementation requires more than transferring an
operative method; it depends on coordinated training,
infrastructure development, perioperative pathway
design, and the establishment of local audit
mechanisms. Experience from other surgical fields,
including epilepsy surgery and advanced laparoscopic
programmes [9,10] demonstrates that new procedures
can be adopted safely when introduced through staged
partnerships, supervised early cases, and context-
specific clinical guidelines. However, no such roadmap
currently exists for the implementation of SA-PVE in
emerging craniofacial units.

The purpose of this article is to provide a
comprehensive and  practical framework for
introducing SA-PVE in countries where the technique
has not yet been established. Drawing on the experience
of a high-volume craniofacial and paediatric
neurosurgical centre, we outline the key components
required for safe and sustainable adoption: patient
selection, = operative = workflow,  perioperative
management, expected outcomes, and programme-
level considerations such as training, mentorship,
regulatory requirements, and long-term follow-up.
Rather than reporting a single institution’s results, this
manuscript aims to serve as a guide for surgeons,
hospitals, and health systems seeking to incorporate
SA-PVE into their craniosynostosis practice and to
ensure that its introduction occurs with the same rigour,
safety, and multidisciplinary collaboration that
characterise established centres.
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Context and rationale for introducing SA-PVE in new
countries

Craniosynostosis care varies widely across the
world, with substantial disparities in access to
specialised surgical techniques. While high-income
countries with established craniofacial units routinely
employ a spectrum of advanced interventions,
including posterior vault distraction [11], endoscopic
techniques [12], and spring-assisted expansion [4,12],
many nations continue to rely exclusively on traditional
open cranial vault remodeling [4,12,13]. These
procedures, although effective, are associated with
increased operative blood loss, greater physiological
stress, higher transfusion requirements, and longer
hospitalisation compared with less invasive methods
[7]. For infants with syndromic or multisuture
craniosynostosis, particularly those with raised
intracranial pressure or medical comorbidities, these
physiological demands can significantly increase
perioperative risk. As a result, some children may
undergo delayed or staged interventions, or in some
instances may not receive timely expansion at all.

SA-PVE offers a compelling alternative for centres
seeking to modernise their craniosynostosis care. Over
two decades of experience from specialised units in
Europe and internationally have demonstrated that SA-
PVE provides substantial and durable increases in
intracranial volume, effective control of raised ICP, and
meaningful improvement in cranial shape [4,14,15].
These outcomes are achieved through small incisions,
limited osteotomies, and gradual controlled distraction
forces, resulting in reduced operative trauma, lower
transfusion rates, and shorter recovery compared with
extensive open remodeling [16]. Importantly, SA-PVE is

2. Materials and methods

Training and Partnership Model

Introducing SA-PVE into a country where the
technique has never been performed requires more than
technical instruction; it demands a structured, durable
partnership between the initiating centre and an
experienced, high-volume craniofacial unit. Evidence
from other complex surgical fields consistently
demonstrates that sustained collaboration, progressive
skills transfer, and clearly defined mentorship are
essential for successful adoption. This model ensures
that the first procedures are performed safely, that local
teams develop confidence and autonomy in a controlled
manner, and that early outcomes align with
international standards.

A partnership-based approach begins with an
initial needs assessment and stakeholder alignment,
during which the hosting institution evaluates its case
volume, perioperative infrastructure, anaesthetic
capabilities, and multidisciplinary support. In parallel,

well-suited to syndromic and multisuture cases, groups
in whom early, reliable volume expansion is essential
and where open techniques often carry the highest
physiological burden.

Despite these advantages, the global uptake of SA-
PVE remains uneven. Barriers to adoption frequently
include limited local expertise, absence of spring
manufacturing pathways, uncertainty regarding
indications and follow-up protocols, and lack of
structured training programmes. In many countries
without dedicated craniofacial units, multidisciplinary
collaboration between neurosurgery, plastic surgery,
anaesthesia, and paediatric intensive care is still
developing, and introducing a novel technique requires
coordinated institutional commitment. Furthermore,
without a clear implementation roadmap, early cases
may expose both teams and patients to avoidable
challenges, undermining confidence in the technique
before its benefits can be realised.

International surgical partnerships provide an
effective mechanism to bridge these gaps. Collaborative
models, mirroring those successfully used to introduce
epilepsy surgery [16], advanced laparoscopy [10], and
microsurgical training programmes in low- and
middle-income settings [17], have shown that complex
procedures can be implemented safely when supported
by structured mentorship, shared protocols, and
progressive transfer of responsibility. A similar
approach for SA-PVE allows emerging centres to
benefit from the accumulated clinical experience of
high-volume wunits, enabling safe case selection,
standardised perioperative pathways, and consistent
early outcomes.

the experienced centre reviews local resources and
identifies potential areas requiring adaptation of
technique or workflow. This preliminary stage
establishes realistic expectations and ensures that SA-
PVE is introduced only where appropriate clinical
support systems are already in place or can be
developed.

Formal training typically progresses through a
three-stage model [17-19]. The first stage involves
observational learning, during which members of the
host team visit the experienced centre to observe SA-
PVE procedures, participate in preoperative planning
sessions, and gain exposure to postoperative pathways,
complication management, and spring removal
technique. These visits foster a shared understanding of
operative philosophy and create a common language
between teams, which is critical during the initial cases.
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The second stage consists of on-site mentorship,
during which the visiting surgical team performs the
first SA-PVE cases jointly with the local surgeons. In
early operations, the experienced team may act as
primary operators while the host surgeons assist,
allowing real-time guidance through patient
positioning, osteotomies, spring selection and
placement, and intraoperative decision-making.
Subsequent cases progressively shift responsibility to
the local surgeons, who take the lead while being
supported by mentors. This deliberate transition
mirrors models used successfully in neurosurgical
programme development, where gradual transfer of
operative responsibility has been key to building
sustainable local expertise.

The third stage involves remote supervision and
ongoing case collaboration, supported through regular
virtual case discussions, review of imaging, and
perioperative troubleshooting. This continuous contact
allows the local team to maintain momentum while
ensuring alignment with best practices. As experience
accumulates, external mentorship becomes consultative
rather than directive, enabling the host centre to achieve
fully autonomous practice while retaining access to
expert guidance for complex or atypical cases.

Throughout all stages, emphasis is placed on
multidisciplinary training, including anaesthesia,
paediatrics, nursing, and ICU staff, as SA-PVE requires
coordinated perioperative management to optimise
safety. Simulation of workflow, rehearsals of

instrument setup, and shared review of postoperative
monitoring protocols build institutional familiarity and
reduce uncertainty during early cases. A structured
mechanism for data collection, outcome auditing, and
morbidity review is established from the outset,
aligning the new programme with international quality
standards and ensuring that early cases inform
continuous refinement.

By framing SA-PVE implementation around a
sustained partnership rather than isolated outreach,
this training model promotes skill acquisition,
institutional learning, and long-term programme
stability. It ensures that the introduction of SA-PVE is
not a singular event but the beginning of a reproducible,
self-sustaining craniofacial service capable of delivering
safe, high-quality care to children with complex
craniosynostosis.

Preoperative assessment

A comprehensive preoperative assessment is
essential to ensure safe patient selection and optimal
surgical planning for SA-PVE. Evaluation is conducted
jointly by the neurosurgery and plastic surgery teams,
with input from ophthalmology, radiology, genetics,
anaesthesia, and, when required, respiratory and
developmental specialists. This multidisciplinary
approach allows identification of the underlying
aetiology, assessment of functional impairment, and
definition of the objectives of surgery, whether aesthetic
or related to raised intracranial pressure.

Figure 1 - Preoperative assessment of patients with complex craniosynostosis. A) Computer tomography (CT) posterior
view with clear signs of altered ossification and pathologic venous drainage. B) CT lateral view showing multiple bone gaps. C)
Magnetic resonance T2 sagittal view showing extensive tonsilar descent and small posterior fossa. D) Venous CT showing
pathologic venous drainage and bone gaps over the superior sagittal sinus

All patients undergo a baseline clinical review that
includes a detailed examination of head shape,

neurological status, developmental history, and scalp
condition. Radiological assessment begins with a low-
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dose CT scan, which provides essential information
regarding suture fusion, calvarial morphology,
intracranial volume, venous sinus anatomy, and
posterior fossa dimensions (Figure 1A-B). When the CT
scan suggests complex features such as Chiari
malformation, syringomyelia, venous anomalies, or
atypical skull base development, MRI is obtained to
clarify posterior fossa crowding and cerebrospinal fluid
dynamics (Figure 1C). CT venogram is recommended is
suspicion of complex venous drainage (Figure 1D).
These imaging studies are used not only for diagnostic
accuracy but also for operative planning, including the
design and placement of osteotomies and springs.

Ophthalmological evaluation is performed in all
cases and includes fundoscopy and visual evoked
potentials. These assessments are central to the
diagnosis of raised intracranial pressure, particularly in
young children for whom clinical symptoms may be
subtle or non-specific. When children present with
symptoms that may suggest raised intracranial
pressure—such as irritability, sleep disturbance,
headache, or changes in behaviour—but their
ophthalmological examination is normal, continuous
intracranial pressure monitoring with a 48-hour ICP
bolt is undertaken. This provides an objective measure
of ICP dynamics and guides the decision to proceed
with SA-PVE for functional indications.

Genetic testing is routinely performed to
determine the presence of pathogenic variants
associated with craniosynostosis syndromes. The
results inform risk stratification, anticipated growth
patterns, timing of surgery, and long-term follow-up
pathways. Three-dimensional cranial photography is
obtained as part of the preoperative assessment to
record baseline morphology and to provide a
standardised reference for postoperative comparison.

In syndromic craniosynostosis, additional
assessments are often Respiratory
evaluation, including sleep studies when obstructive
symptoms are present, helps identify airway
compromise that may affect anaesthetic planning or the
timing of surgery. Developmental and psychological
assessments are incorporated into the baseline
craniofacial review to document preoperative status
and to support longitudinal monitoring. Anaesthetic
preassessment is performed in all cases to evaluate
comorbidities, airway management considerations, and
transfusion risk.

Finally, all cases are discussed in a
multidisciplinary craniofacial team meeting, where
imaging, clinical findings, and operative plans are
jointly reviewed. This ensures consensus regarding the
indications, timing, and technical details of SA-PVE and
provides  families with a coordinated and
comprehensive treatment pathway.

necessary.

Figure 2 -Preoperative assessment of patients with complex craniosynostosis. A) Computer tomography (CT) posterior
view with clear signs of altered ossification and pathologic venous drainage. B) CT lateral view showing multiple bone gaps. C)
Magnetic resonance T2 sagittal view showing extensive tonsilar descent and small posterior fossa. D) Venous CT showing
pathologic venous drainage and bone gaps over the superior sagittal sinus

Patient selection

SA-PVE may be undertaken for two principal
indications: aesthetic cranial reshaping and functional
decompression in the setting of raised intracranial

pressure. Although the operative technique is similar,
the criteria for patient selection, optimal timing, and
expected outcomes differ substantially between these
groups.
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Aesthetic indication

Aesthetic indications most commonly involve
children with bicoronal craniosynostosis and, less
frequently, selected cases of biparietal synostosis. In our
centre, children with isolated sagittal synostosis are
typically treated early with either endoscopic strip
craniectomy or sagittal springs before six months of age.
In addition, SA-PVE is generally not preferred for
aesthetic correction of sagittal synostosis because these
children usually present with a scaphocephalic head
shape, and additional posterior expansion may
accentuate the anteroposterior elongation. By contrast,
SA-PVE is particularly effective in bicoronal synostosis,
where the cranial shape 1is characteristically
brachycephalic. ~Controlled posterior expansion
restores the anteroposterior dimension and produces a
smooth, rounded occipital contour, often resulting in a
balanced and harmonious cranial profile (Figure 2A-F).

For aesthetic indications, SA-PVE is usually
performed at approximately nine months of age,
although the procedure may be undertaken slightly
earlier or later depending on clinical circumstances.
Before spring removal, each child undergoes evaluation
to determine whether a fronto-orbital remodeling is
required to optimise frontal contour and orbital
symmetry. Many children achieve adequate global
cranial improvement with SA-PVE alone. However, in
cases where frontal protrusion or temporal narrowing
persists, a subsequent fronto-orbital remodeling may be
beneficial. When indicated, this procedure is ideally
performed at around two years of age, timed to coincide
with spring removal to avoid additional anaesthetic
exposure. In children who do not require fronto-orbital
remodeling, the springs may be electively removed
after a minimum of three months, once adequate
distraction and consolidation have been achieved.

Functional indication

Functional indications for SA-PVE arise when
posterior vault expansion is required to treat raised
intracranial pressure. At our institution, raised
intracranial pressure is diagnosed on the basis of
objective signs rather than symptoms alone. Children
are considered to have confirmed raised pressure when
ophthalmological examination demonstrates
papilledema or other pressure-related changes, when
visual evoked potentials show abnormalities consistent
with pressure effects, or when continuous intracranial
monitoring with a 48-hour ICP bolt recording
demonstrates elevated pressure. If a child presents with
symptoms suggestive of raised intracranial pressure or
with indirect radiographic features on MRI or CT but
has normal ophthalmological findings, intracranial
monitoring is routinely undertaken before surgery is
considered.

Once raised intracranial pressure is objectively
confirmed, SA-PVE is an effective and well-tolerated
option in appropriately selected patients. Functional
indications commonly include multisuture
craniosynostosis, syndromic craniosynostosis, and
craniosynostosis associated with Chiari malformation
or syringomyelia, particularly when posterior fossa
crowding contributes to the clinical presentation. SA-
PVE is most often performed in children younger than
two years, when cranial bone malleability allows
efficient distraction and rapid intracranial volume
expansion. Nevertheless, the procedure has been
successfully carried out in selected children between
two and four years of age when bone quality and suture
biology remain favourable.

In functional cases, SA-PVE offers several
advantages over more extensive posterior vault
remodeling procedures. The operation is relatively
rapid, involves limited dissection, results in low blood
loss, and permits simultaneous posterior fossa
decompression. These characteristics make SA-PVE
particularly suitable for children with complex
syndromic diagnoses, significant comorbidities, or
reduced physiological reserve, in whom minimising
operative stress is essential.

Technical requirements and operative workflow

Successful adoption of SA-PVE requires a clear
understanding of its technical foundations, operative
sequence, and perioperative resource needs. The classic
technique has been well described in large single-centre
series and forms a reproducible and adaptable
framework for centres introducing the procedure.
These detailed operative descriptions, together with
outcome data from more than two hundred cases,
provide a robust reference standard for
implementation.

SA-PVE is performed in a paediatric operating
theatre equipped for prone positioning and supported
by a multidisciplinary team experienced in craniofacial
and neurosurgical anaesthesia. After induction, the
child is positioned prone with careful head and airway
protection. A bicoronal incision is made, and the scalp
is elevated in a subgaleal plane, taking care to preserve
abroad pericranial layer. The pericranium is then raised
as a composite flap to ensure adequate coverage of the
springs during closure and to minimise the risk of
exposure.

SA-PVE relies on a posterior bucket-handle
osteotomy that spans the parietal and occipital bones.
Burr holes are placed strategically to avoid the
transverse and sigmoid sinuses, and the osteotomy is
then completed with a combination of craniotome cuts
and controlled bone spreading.

https://doi.org/10.53498/mm8qqf34
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When performing the inferior osteotomies, it is
essential to extend the cuts across both lambdoid
sutures (Figure 3). If either suture is left intact, it can act
as a mechanical hinge and significantly restrict the
posterior distraction achieved by the springs, thereby

limiting the overall effectiveness of the expansion. The
epidural space is generally not widely exposed, and the
limited dissection contributes to the reduced operative
blood loss consistently reported across institutional
series.

Figure 3 - Superior, lateral and posterior skull iluutrations showing the osteotomies and spring position

Once the osteotomy is mobilised, stainless steel
springs are selected according to patient age, skull
thickness, and the degree of desired distraction. The
technique uses pairs of pre-bent springs that apply
outward force across the osteotomy, gradually
expanding the posterior vault over several months.
Precise placement is critical: the spring feet are secured
to the bone edges, and the springs are activated
intraoperatively to achieve the correct initial distraction
vector. As described in the operative atlas and case
series, the surgeon must ensure symmetrical placement
and appropriate seating of the spring feet, as uneven
activation can lead to asymmetric expansion or early
mechanical complications. Once the springs are
positioned, the distance between the spring feet should
be measured and documented in the operative record,
providing a reference for postoperative assessment and
longitudinal analysis. Following spring insertion, the
pericranium is advanced and closed over the implants
to provide an additional protective layer. The scalp is
then closed in standard fashion using absorbable
sutures. An important advantage of this technique over
other distraction-based approaches is that it permits
tension-free skin closure, which reduces the risk of
wound-related complications and is associated with
more favourable scar outcomes. A wound drain is

placed in the subgaleal space at the end of the
procedure. On the first postoperative day, a full blood
count is obtained to assess overall status, with
particular attention to haemoglobin and haematocrit
levels to determine whether transfusion is required. In
our practice, transfusion is considered when the
haemoglobin level is below 70 g/L or when the child is
clinically symptomatic. If the full blood count is
satisfactory and no further intervention is needed, the
drain can be removed on the ward without sedation.

Operative times for classic SA-PVE are relatively
short, reflecting the limited dissection and efficiency of
the technique. In the large single-centre experience, the
mean duration of surgery was just over two hours, with
characteristically low blood loss and minimal need for
transfusion in appropriately selected children.
Postoperative care is straightforward, and most
children are monitored overnight in a high-dependency
setting before returning to the ward. Prior to discharge,
frontal and lateral skull radiographs are obtained to
confirm the appropriate spring position (Figure 4A-B).
The reduced physiological stress of the operation,
together with the absence of extensive calvarial
remodeling, contributes to consistently short hospital
stays, typically around three to four days.

Fiqure 4 — Postoperative skull XR. A) Lateral view. B) Antero-posterior view
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Spring removal is performed once adequate
distraction and consolidation have been achieved. The
procedure is undertaken under general anaesthesia,
and at the time of removal the distance between the
spring feet is measured again and documented to
facilitate comparison with intraoperative values and
assessment of overall expansion. In aesthetic
indications, removal usually occurs after three to six
months, and when a planned fronto-orbital remodeling
is required, removal is combined with the second
operation to avoid additional anaesthetic exposure. In
functional cases, the timing of spring removal is
determined by clinical progress and serial imaging.
When raised intracranial pressure has been diagnosed
on the basis of ophthalmological findings, we typically
wait until two  consecutive  ophthalmology

3. Results

Postoperative Follow-up and Long-Term Surveillance

Long-term follow-up is an essential component of
safe and effective implementation of SA-PVE. Because
children undergoing SA-PVE frequently present with
multisuture or syndromic forms of craniosynostosis,
postoperative surveillance must extend beyond the
immediate operative period to include repeated
clinical, ophthalmological, developmental, and
radiological assessments throughout childhood. The
follow-up protocols used in our centre are structured
according to the underlying diagnosis, the presence of
functional indications such as raised intracranial
pressure, and the risk of interval suture fusion or late
intracranial hypertension. These pathways guide the
frequency and content of review from infancy into
adolescence.

Children with confirmed multisuture
craniosynostosis are allocated to either a high-risk or
low-risk pathway depending on the underlying
syndrome, severity of suture involvement, and risk of
functional impairment. Both pathways share a
common  principle of early and repeated
multidisciplinary — assessment. In the high-risk
pathway, which includes patients with conditions such
as Apert, Crouzon, and Pfeiffer syndromes, clinical
reviews occur frequently during early childhood,
including assessments at one, one and a half, two, two
and a half, three, four, five, and six years of age.
Ophthalmology, three-dimensional photography, and
CT or MRI are incorporated at key time points to
evaluate postoperative volume, cranial shape,
ventricular size, venous outflow, and the status of the
posterior fossa. From seven years of age onwards,
children are reviewed in craniofacial multidisciplinary
transition (CRANF-T) clinics until transfer to adult
services. The high frequency of review reflects the

examinations have returned to normal before
proceeding with removal. In our cohort, the mean
interval between spring insertion and removal for
functional indications is approximately nine months. It
is important to note, however, that most of the
distraction occurs early: the springs achieve the
majority of their effect within the first month, with
additional but diminishing expansion over the
following two months. Beyond this period, further
volumetric gain is minimal, and the springs could
technically be removed earlier. In practice, the timing is
usually dictated by the reassessment of intracranial
pressure rather than by the mechanical contribution of
the springs alone.

elevated risk of delayed intracranial hypertension,
progressive midface hypoplasia, and other syndrome-
specific complications.

The low-risk multisuture pathway applies to
children with milder syndromes or genetically
confirmed conditions such as Muenke, Saethre-
Chotzen, ERF, or TCF-12-related craniosynostosis.
Although these children also require structured
longitudinal monitoring, the intervals between clinical
reviews are modestly longer than in the high-risk
group. Follow-up includes a baseline craniofacial
assessment and regular clinical reviews throughout
early childhood, with additional multidisciplinary
imaging-based assessments at three, seven, and ten
years. These visits evaluate intracranial volume,
posterior vault development, orbital morphology,
respiratory parameters, speech and language
development, and neurocognitive outcomes. The low-
risk pathway continues through adolescence with
transition to the CRANF-T programme at ten years,
followed by further review at twelve, fifteen, and
seventeen years of age before final discharge.

Non-syndromic multisuture craniosynostosis
follows a similar surveillance structure, with the same
emphasis on ophthalmological monitoring, repeated
three-dimensional imaging, and periodic CT scans to
assess postoperative volume and shape. Early reviews
at eighteen months, three years, five years, and seven
years allow systematic assessment of cranial
morphology, developmental progress, ocular health,
and the need for further intervention. A ten-year
review serves as a key landmark for evaluating long-
term aesthetics and for planning any further corrective
procedures where required. These patients also
transfer to transition clinics during adolescence to
ensure uninterrupted multidisciplinary care.

https://doi.org/10.53498/mm8qqf34
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Across all pathways, ophthalmology plays a
central role, particularly during the early years
following SA-PVE. Infants and young children
undergo six-monthly ophthalmological examinations
until at least eight years of age. For children who
initially presented with raised intracranial pressure,
these examinations continue more frequently until
sustained resolution of papilloedema or visual
pathway compromise has been demonstrated. Repeat
three-dimensional cranial photography is obtained at
major review points to assess shape progression, whilst
imaging  studies—usually = low-dose = CT—are
strategically timed to coincide with key developmental
ages in order to minimise cumulative radiation
exposure.

This structured follow-up framework ensures that
children undergoing SA-PVE receive consistent,
comprehensive, and developmentally appropriate
surveillance. It allows early identification of recurrent
intracranial hypertension, interval suture fusion,
Chiari progression, midface growth disturbances, and
neurodevelopmental concerns, while also guiding
planning for subsequent procedures such as fronto-
orbital remodeling or midface advancement when
required. For centres adopting SA-PVE for the first
time, establishing a similar longitudinal follow-up
system is fundamental to ensuring patient safety,
optimising outcomes, and maintaining high standards
of multidisciplinary craniofacial care.

Suggested outcome and audit metrics for new centres

For centres newly adopting SA-PVE, establishing
a structured system for outcome monitoring and audit
is essential to ensure safety, guide refinement of
technique, and maintain comparability = with
established international standards. Early
implementation should therefore include a prospective

4. Conclusion

SA-PVE represents a well-established, efficient,
and physiologically favourable technique for treating
both functional and aesthetic indications in children
with complex craniosynostosis. Its limited dissection,
predictable expansion profile, and favourable
morbidity make it particularly suitable for infants and
young children, including those with multisuture or
syndromic diagnoses for whom minimising operative
risk is essential. For countries and centres where the
technique has not previously been available, successful
implementation requires far more than technical
transfer. It depends on a structured programme
encompassing careful patient selection, comprehensive
preoperative assessment, detailed operative planning,
postoperative surveillance, and long-term
multidisciplinary follow-up.

registry in which operative data, perioperative
parameters, and longitudinal clinical outcomes are
systematically recorded. Operative metrics such as
duration of surgery, intraoperative blood loss,
transfusion requirements, and length of hospital stay
provide important markers of procedural efficiency
and physiological impact, and can be compared over
time as local experience grows. Documentation of
spring characteristics, including number, force, and
intraoperative foot-to-foot distance, allows correlation
of mechanical expansion parameters  with
postoperative outcomes.

Postoperative morbidity must be carefully
audited, including wound complications, spring
exposure, infection, dural breach, CSF leak, or need for
unplanned reoperation. Many of these events are
uncommon but may be influenced by operative
technique, patient selection, or perioperative protocols,
making early identification critical for improving
practice. Radiological metrics, such as intracranial
volume changes and posterior vault morphology on
interval CT or MRI scans, provide objective measures
of expansion and can be used to assess reproducibility
across cases. For functional indications, longitudinal
data on intracranial pressure, whether assessed
through resolution of papilloedema, normalisation of
visual evoked potentials, or improvement of
symptoms, serve as key indicators of success. In
aesthetic cases, three-dimensional photography offers
a standardised means of evaluating changes in cranial
shape, symmetry, and contour over time.

Through partnership with experienced centres,
staged mentorship, and adherence to standardised
protocols, new surgical units can adopt SA-PVE with
high levels of safety and reproducibility. Establishing
robust outcome monitoring and audit systems from the
outset ensures that early experience informs continuous
improvement and aligns new programmes with
international best practice. By providing a clear
framework for training, implementation, and
evaluation, this manuscript aims to support emerging
craniofacial teams in delivering the benefits of SA-PVE
to their patient populations, thereby expanding global
access to modern, effective care for complex
craniosynostosis.
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Tyiingeme

Conrpl exi OHXBIAABIKTa cepinrieai apTKbl Oaccyitek KymOesiH keHenty (SA-PVE) xem TiricTi Hemece
CUHAPOMaAAbIK KpaHMOCUHOCTO3BI Oap Dalasapda 49CTYpAi alllbIK apTKbI Daccyliek KyMOe3iH KaliTa KypyFa TuimMai
>KoHe a3 MHBA3MBTi OalaMa aaic peTiHge naiiga 60446l ATaAMBIII 94ic DaccyifeKimiaik kea1eMHiH ceHiMAl KeHeloiH,
OTajaH KeWMiHIi aypymIaHAbIK IIeH THIPTBIK JaMYBIHBIH KOJaliabl NpoduAiH KaMTaMachls eTedi. Ocipece
DaccyrieKinTiaik KpICBIMBI JKOFapBl HOpecTeaep MeH Kac 6asasap YIUiH Mmaijaasl 00ABII caHadaasl. JereHMeH, SA-
PVE aaic Oipkarap Oaccyitek-0eT opTaabKTapblHAa KOA4aHy OaphIChIHAA AdAeAJeHTeH THiMAidiriHe KapaMacTal,
KOIITereH eajepAe MaMaHAapAbIH IIIeKTeyAi KoAXeTiMaiirine, MaMaHAapAbI KYPBIABIMABIK OKBITYABIH 00/MaybIHa
JKoHe KayilIlCci3 eHrisyre KaThICTBI KYMBICTapAbIH peTTeAMeyiHe OallaaHBICTHI KO/AXKeTiMci3 00AbII Kada Oepyae.
CoHABIKTaH, >XaHa OpTaAbIKTapFa OCHl 9AICTi epTe eHri3yae OacCIIBIABIK €TeTiH ToXipubeaik, KAMHMKAABIK,
OafFpITTaAfaH KYPBLABIM KasKeT.

Oaicrepi. bya makaaaga Oaccyiiek-OeT opTaabIKTaphiH gambiTyda SA-PVE kayiricia eHrisy yImiH KaskeTTi
oIepalsABIK, IepuoIepalusAbK >XoHe OaFjapaaMaablK Maceleldep KOPBIThIHAbLAaHFaH. Ipi meamaTpumsabk
HelIpOXUPYPIMUAABIK >KoHe Oaccyliek-0eT OpTaAbIFRIHBIH TaXKipubOeciHe cyliteHe OTHIpHII, 0i3 Haykac ipikTey, ora
aAABIHAAFBI Kellcadaabl Oafasay, Kaaccumkaablk SA-PVE TexHMKachIHBIH OTa YCTiHAeTi Ipolleci, oTadaH KeMiHTi
Dackapy >koHe y3aK Mep3imai OaKbplaay CUAKTHI HETi3ri KOMIIOHEHTTepAi curaTTaiMsbl3. bis aaeyerTi apTToIpy yimin
KYpbLAbIMAaAfraH 3 ¢azaabl OKBITY >KoHe CepiKTecTik MoJeaiH cumarTaimers. CoHAall-aK, HoTIKeAepai Oakblaay,
AepeKTepal >KuHay >KoHe OafgapaaMa ayAWTi OOVBIHINA YChIHBICTap Oepemis. Koasxasba apTypai pecypcrapra
KOAJaHBIAATBIH 0ipis3ai eHrisy HerisiH >kacay YIIiH >KapusAJaHFaH AepeKTep MeH ToKipubeHi OipikTipeai.

Hatmxeaepi. SA-PVE screTukaabIK >koHe (PYHKIIMOHAAABIK KOPCeTKIillITepre calikec KeAeTiH KaliTadaHaTBIH
>KoHe OelliMaeAeTiH aJic peTiHAe aHBIKTaAAbl. TaOBICTHI eHTi3yAiH Herisri ¢akTopaapblHa KPaHMOCMHOCTO3 KiIlli
TYPiH 491 AMarHOCTMKaJay, KakeT OOAFaH >Karjaiiga OacCyleKiImiaik KBICBIMHBIH >KOFapbldaybIH pacTay >KoHe
MYKIIT PaAlOAOTVIABIK, O(PTaAbMOAOIVLIABIK >KoHE TeHeTHKaAblK Oaralay >KaTagsl. Ipi, Oip oOpTaAbIKTBI
3epTTeyep apKbLAbI XKeTiaAipiareH Oy XupyprusasK 94ic TIHAEPAIH IeKTey Al AMCCeKIVACHIMEH, KaH JKOFaATyAbIH
a3AbIFBIMEH, OTa >Kacayfa KeTKeH YaKbITHIHBIH KbICKAaABIFBIMEH >KoHe >KapaHBIH KepHeycis >KaOBLAybIMeH
cunartadaabl. OTagaH KelfiHTi epTe KaAIbIHA KeAy 94eTTe XXbl1daMbIpakK, aypyXaHa >KaTy Mep3iMiHiH KbICKapybIMeH
JKoHe acKbIHyJAapABIH Ke3jecy >KMiAiriHiH TeMeHAiriMeH >Xypeai. ¥3ak Mepsimai Oakplaay YIIiH KYPBLABIMABIK
0pTaabMOAOTHSABIK, TeKCcepyaep, Mep3iMai OeliHeaey, 3D peHTreHre Tycipy >KeHe >KacoCHipiMAiK KeseHTe JeiiiH
cadaapaablK OaKblaay SKYPrisy KaxkeT. bya a4icTi Koa4aHaTBIH OpTaAbIKTap YINiH XUPYPTUAABIK ©HIMAIAIKTIH,
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Cepimiie cumaTTaMajlapbIHBIH, paanorpaUsABIK HOTUKeAePAiH KoHe OTajaH KeliHTi aypyIIaHABIKTBIH MYKMIT
ayauti OipTiHAen >KaKcapTy VIIiH Ka’KeTTi Kepi GallaaHBICTBI >KoHE XaABIKapaAblK CTaHAApTTapFa COMKECTiKTi
KamMTaMacel3 eTedi. OKBITYy MeH KAMHUKAABIK >KafFgallaapabpl Oakblaayga ycTay, COHAali-aK KaIlBIKTBIKTaH
BIHTBIMAKTaCTBIKTBI KAMTUTBIH 9pi Ke3eHMEeH JKy3ere acaThblH ToAiMIepAik Mogeai TYpaKThIABIK ITeH KayiIlCi3AiKTi
KaMTaMachI3 eTy apKbIAbI ToXKipuOe 0eaicyai KeHiadeTeal. Kayilicia >KoHe TypakThl TypAe Oepyai >KeHiageTeai.

Kopsrteinasl. SA-PVE - kypdeai KpaHMOcuMHOCTO3bl Oap ©Oasasap VIIIH Kayimcis, TmiMAi >KoHe
PU3NOAOTUAABIK TYpPFBIAAH Marigaasl memnriM. OHBI >XaHA MeAVIIVHAABIK MeKeMelepJe €HTi3y KYPbLABIMABIK,
OKBITYABI, II9HAPAABIK >KOCIIapAayAbl KoHe OTaJaH KeliHTi MYKMAT OaKbliayasl K0A4ay apKbLABI MYMKIiH 00/AMaK.
OaicTi eHrisyAiH TmiMai texxipmbere KadaMmAapblH, SFHM HayKacTapAbl AYpEIC ipikTeyAeH Oacram ysak Mep3imai
OaxplaayFra JeliiHri KagamaapAbl Oearizey apKbLAbl YCBIHBLAFaH odicTeMe SA-PVE GaraapaaMazapblH aafall peT
KYPY>Xbl >KOCIapAaraH OpTaAbIKTap VIIiH K04 KapTachlH ychbiHaAbl. CumaTTaafaH KarugaTTapAbl KaOblajay
KYTiMHIH >KOFapbl CTaHJapTTapblH KaMTaMachl3 eTyre, IepuolepalnsilblK ToyeKeaaepAl asailTyra >KoHe O3bIK
KpaHnoQanuaabAsl XUpPyprusira >xahaHABIK KOAXKETIMA1AiKTi KeHelTyTe KeMeKTeceAi.

Tyitin ce3aep: cepimme kemeriMeH apTkpl Oaccyitek KymbOesiHiH keneioi, SA-PVE, xpaHmocmHOCTO3,
Daccyitekinriaik KpIcbIM, Daaaaap Oaccyliek-0eT XUpPYpTUACHL, XUPYPTUAABIK apaslacy, KeIl TiricTi CMHOCTO3.
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Pe3srome

ITpy>xuHHas 3aAHAs DKcIIaHcusA csoga yepena (SA-PVE) sa nocaeanne Asa gecsituaeTs crala 9pPeKTUBHON
U MeHee MHBA3VMBHOI aAbTepHATUBON TPasUIIMIOHHOMY OTKPBITOMY PeMOJAeAMpPOBaHMIO 3a4HEro cBoja depera y
AeTell ¢ MHOTOIIIOBHBIM UAM CUMHAPOMAaAbHBIM KPaHMOCHHOCTO30M. /laHHas MeToAuKa oOecrieuynBaeT Hale>KHOe
yBeAUYEHNEe BHYTPUUYEPEIIHOIO O0ObeMa, OAarompusTHBI Hpoduab pyOIOBONM TKaHM U 3a00A€BaeMOCTH, U
0CODeHHO MoJe3Ha A4 MAaAeHIIeB U AeTell C IOBBIIIIeHHBIM BHYTpUIepenHbIM AapaeHneM. OgHaKo, HECMOTPSI Ha
AOKa3aHHYIO »((PeKTUBHOCTh B KPYIHBIX II€HTpaX, 3aHMMAIOIIVXCS 4YeperHo-AnIeBoil xupyprueii, SA-PVE
OCTaeTcsl HeJOCTYIIHOM BO MHOIMX CTpaHaX U3-3a OIPaHMYeHHOTO 4YlcAa CIeIjMaAlCTOB, OTCYTCTBU
CTPYKTypUpPOBaHHOTO 0OydeHNUs I HeoIpeAeleHHOCTM B OTHomeHmMy OesomacHoro BHeApeHwus. Ilostomy
CyIIIeCTByeT HeOOXOAMMOCTD B MPaKTUIECKOM, KAMHUIeCK! OpPMEeHTHPOBaHHOM CTPYKTYype, KOTopasi Obl HallpaBAsaa
HOBBIE IIEHTPHI B IIpoliecce paHHETO BHeAPeH!sI HTOV MeTOAMKI.

Metoarr. B aaHHOI cTaTthe OOOOIIEHBI ONIepaTHBHEIE, ITepMOIlepallVIOHHBIE UM IIPOTpaMMHBIE aCIIeKTEHI,
HeoOxoauMBIe A5 Oe3omnacHoro BHeApeHMs: SA-PVE B pa3BuBaromiuxcs 4epernHo-AnIeBbIX eHTpax. Onmupascs Ha
OIIBIT KPYIHOTO JE€TCKOTO HeMpPOXMPYPIMUECKOTO ¥ YepelHO-AMUIIEBOTO IIeHTPa, MBI OIMChIBAa€éM OCHOBHBIE
KOMITOHEHTEI, BKAIO49asl OTOOp ITaIleHTOB, MEXAVCIIMIIAMHAPHYIO IIpeAOIlepallIOHHYIO OIeHKY, OIlepaTMBHBIN
pabounit mporiecc Kaaccaeckon Mmetoauku SA-PVE, mocaeonepalnoHHOe BeJeHle U 40ATOCPOYHOe HabAI0AeHNe.
Msl ommceiBaeM CTPYKTyPUPOBaHHYIO TpPexSTallHyI0 MoOJeAb OOy4deHHUs U IapTHepCTBa AAsl HapalluBaHN:
IIOTeHIIaJda M IIpeAOCTaBAseM pPeKOMeHJallMy II0 MOHUTOPMHIY pe3yAbTaTOB, COOpPY AJaHHBIX U ayAuTy
IporpaMMsl. B pykommucu MHTerpupoBaHBl OIyOAMKOBaHHBIE AAaHHBIE U IPaKTMUIECKUI OMBIT A4S CO3AaHUA
COI1aCOBAaHHON CTPYKTYpPhI BHeAPEHUs, IPUMEHUMOI B Pa3AMIHbIX YCAOBUAX PECYPCOB.

PesyapraTsl. SA-PVE 6b14a orrpejeseHa Kak BOCIIPOM3BOAMMAsI U adalITHpyeMas METOAVKA, TI0AXOAAIIas KakK
AASL DCTETUYECKUX, TaK U AAs (PYHKIVOHAABHBIX IOKasaHMit. KaioueBsIMu ¢pakropamu yCIEIIHOTO BHeApPEeHUs
SIBASIIOTCSL TOYHas AMAarHOCTMKA ITOATMIIa KPaHMOCHMHOCTO3a, MOATBEep>KAEeHNE ITOBBIIIIEHHOTO BHYTPUYEpPeITHOTO
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JAaBA€HUs, TAe BTO YMECTHO, U TIIaTeAbHasl paAMOAOrmdYecKasi, opraibMoAornmdeckas ¥ TeHeTuJecKas OLleHKa.
OrnepaTnBHas MeTOAMKa, yCOBEPIIIEHCTBOBAaHHA B XOA€e KPYITHBIX MICCA€40BaHNUIT B OAHOM LIEHTpPe, XapaKTepU3yeTcs
OTrpaHUYEHHBIM paccedeHreM TKaHel, HU3KOJ KPOBOIIOTEPENl, KOPOTKIM BPEMEHEM OIlepaliiii U 3aKphITIEM PaHBI
Oe3 HaTsDKeHN:. PaHHee mocaeoriepaniioHHOe BOCCTaHOB/AEHNUE, KaK IIPaBUAO, IIPOMCXOANUT OBICTPO, C KOPOTKUM
CPOKOM TIOCIMTAaAM3alMM M HMU3KMM YpOBHEM OCAOXHeHUi. JoArocpoyHoe HabOAlOAeHMe TpeOyeT
CTPYKTYpUPOBaHHOTO 0pTaabMOAOTMIECKOIO OCMOTPa, IIEPUOANIECKO BU3yaAU3alui, TpexMepHoit pororpadpun
U MEXAUCIUIIAMHAPHOTO HabAI0AEHN:, IIPOJ0AKAIOIIEerocs A0 IOAPOCTKOBOIO Bo3pacra. /A5 [IEHTPOB, BIIEpBLIe
BHEAPAOIINX 9Ty METOAMKY, TIIATeABHBII ayAUT OIlepaTUBHBIX IIOKa3aTeAel, XapaKTepPUCTUK IIPYKIH,
PEHTIEHOAOTMIECKUX Pe3yAbTaTOB ¥ IIOCAEOIepaljMOHHON 3aboaeBaeMoOCTM oOeciiednBaeT HeOOXOAUMYIO
00paTHyIO CB3b AAs IIOCTEIIEHHOTO COBEPIIEHCTBOBAHMS M TapaHTUPYeT COOTBETCTBUE MeXXKAYHapOAHBIM
craHAaptaM. llosTamHast MoJeab HacTaBHMYECTBa, BKAIOYamIlas oOOydeHMe Ha OCHOBe HabAIO4eHMs,
KOHTPOAVPYEMBIEe AOKaAbHBIE CAydall U YAaA€HHOE COTPYAHUIECTBO, CIIOCOOCTBYeT Oe30IIacHON M yCTOYMBOIN
repeAade OIIBITA.

BriBoabr. SA-PVE — aT0 6e30macHoe, 9 PpekTnBHOe U Ppr310A0rnIecKyt 61arolpusaTHOE BMEIIaTeAbCTBO AA5
AeTell CO CAOXHBIM KPaHMOCHHOCTO30M. Ero BHeApeHUe B HOBble MeAMIIVIHCKME YUPEXAEHNS BO3MOKHO IIpU
MOAJEP>KKE  CTPYKTYPUPOBAaHHOTO OOy4YeHM:I, MEeXAUCIIUIIAMHAPHOIO IIAaHMPOBaHMUSA ¥ TIIaTeAbHOTO
rocAeorepanoHHoro Habawoaenns. OnuceBas pakTUIecKye Iaru 1o BHeAPEHNIO — OT 0TOOpa IalVeHTOB A0
AOATOCPOYHOTO HaOAIOAEHMSI — 9Ta CTPYKTypa IpejocTaBAseT AOPOXKHYIO KapTy AAs LIEHTPOB, CTPeMSIITUIXCS
BIIepBBle co3garh InporpaMMmbl SA-PVE. IlpmuATHE ®THMX HPUHINIIOB MOXET IIOMOYb ODECIIeUMTh BBICOKIUE
CTaHAApPTBHI OKa3aHMUA MEeAMIIVHCKON ITIOMOIY, CHM3UTH IepMOIIepallIOHHbIE PVUCKM U PaCHIUPUTh I100aAbHBIN
AOCTYII K COBPEMEHHOI YePEeITHO-AULIEBOI XUPYPIUNL.

KaroueBble caoBa: IHpyXMHHas 3agHsAsA 9KCIaHCKUA cBoda depera, SA-PVE, kpaHmocmnHocros,
BHYTPHUUEPEITHOE AaBAeHIE, AeTCKasl YepeIlHO-AULleBas XUPYPTIHs, OllepaTUBHOE BMeIlaTeAbCTBO, MHOTOIIIOBHBI
CUHOCTO3.
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