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ABSTRACT

Klippel-Feil syndrome (KFS) is a rare congenital disorder characterized by fusion of cervical vertebrae and
accompanied by a wide spectrum of systemic anomalies. This narrative review summarizes current knowledge
on the genetic basis, clinical spectrum, and rare associations of KFS with implications for multidisciplinary care.
Recent genetic studies have identified variants in several developmental pathways, suggesting an emerging con-
cept of oligogenic inheritance and variable expressivity. Clinically, beside the classic triad of short neck, low
posterior hairline, and restricted cervical motion, patients may present with scoliosis, Sprengel deformity, cra-
niovertebral junction abnormalities, split cord malformations, posterior fossa lesions, and genitourinary and car-
diovascular anomalies. Otologic involvement, including conductive or sensorineural hearing loss and cochlear
implant challenges, further complicates management. Awareness of potential difficult airway and spinal cord
vulnerability is crucial for anesthesiologists and surgeons. Early recognition, systematic screening for associated
anomalies, and coordinated follow-up are essential to prevent complications and optimize long-term outcomes.
We narratively reviewed recent clinical, radiologic, and genetic literature to contextualize reported prevalences
and rare associations.
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OZET

Klippel-Feil sendromu: nadir klinik iliskiler ve 6nemi

Klippel-Feil sendromu (KFS), servikal vertebralarin konjenital flizyonu ile karakterize, ¢cok sayida sistemik
anomali ile birlikte goriilebilen nadir bir gelisimsel bozukluktur. Bu derlemede, KFS’nin genetik altyapisi, klinik
ozellikleri ve nadir eslik eden durumlar1 giincel literatiir 15181nda ele alimmakta; multidisipliner yaklagimin énemi
vurgulanmaktadir. Son yapilan genetik ¢alismalar, birden fazla gelisimsel yolakta saptanan varyantlari ortaya
koymus olup, tek genli bir mekanizmadan ziyade degisken ekspresyonla seyreden, ortaya ¢ikmakta olan oligenik
bir katkiya isaret etmektedir. Klinik olarak, kisa boyun, diisiik posterior sa¢ ¢izgisi ve servikal hareket kisitlili-
gindan olusan klasik triada ek olarak; skolyoz, Sprengel deformitesi, kraniovertebral bileske anomalileri, split
kord malformasyonlari, posterior fossa patolojileri ile genitoiiriner ve kardiyovaskiiler anomaliler eslik edebilir.
Ayrica iletim tipi veya sensorindral isitme kaybi gibi otolojik tutulumlar ve bu hastalarda koklear implant uygu-
lamalarinda karsilasilan teknik giicliikler, klinik yonetimi daha karmasik hale getirebilir. Anestezi ve cerrahi
girisimler sirasinda zor havayolu yonetimi ve spinal kord yaralanmasi riski agisindan dikkatli olunmasi biiyiik
onem tagimaktadir. Erken tani, eslik eden anomalilere yonelik sistematik tarama ve disiplinler aras1 koordineli
izlem, komplikasyonlarin dnlenmesi ve uzun dénem klinik sonuglarin iyilestirilmesi agisindan kritik rol oyna-
maktadir. Bildirilen prevalanslar1 ve nadir birliktelikleri baglamsallastirmak amaciyla giincel klinik, radyolojik
ve genetik literatiir narratif olarak gézden gegirilmistir.
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INTRODUCTION

Klippel Feil syndrome (KFS) is a rare congenital con-
dition originally described by Maurice Klippel and
Andr¢ Feil in 1912. It is defined by congenital fusion
of two or more cervical vertebrae resulting from impa-
ired segmentation during early fetal development [1].
Population based studies estimate a prevalence of app-
roximately 1 in 40,000 to 42,000 live births, with a
slight female predominance [2,3]. Although the exact
cause remains uncertain, both genetic factors, most no-
tably variants in GDF6, GDF3, MEOX1, MYOI18B,
and RIPPLY2, and non genetic influences such as vas-
cular disturbances or teratogenic exposures have been
implicated in disease development [2].

Clinically, KFS is traditionally associated with the triad
of a short neck, low posterior hairline, and limited cer-
vical mobility. However, this classic presentation is not
universal, and a substantial proportion of patients re-
main asymptomatic or minimally symptomatic until
adolescence or adulthood [4]. Imaging reveals conside-
rable variability in cervical fusion patterns, which has
led to several classification systems. The most widely
used scheme categorizes KFS into three types accor-
ding to the extent and distribution of fused segments,
ranging from extensive multilevel fusion to isolated
single level involvement [5].

In addition to cervical vertebral fusion, KFS is com-
monly accompanied by abnormalities in other organ
systems. Scoliosis is reported in up to 60 percent of pa-
tients, while genitourinary anomalies are observed in
approximately two thirds of cases [6]. Congenital car-
diac defects, most frequently ventricular septal defects,
have been described in 15 to 35 percent of individuals,
and hearing impairment affects nearly one third of pa-
tients, presenting as either conductive or sensorineural
hearing loss [6,7]. Other recognized associations inc-
lude Sprengel deformity, rib anomalies, neural tube re-
lated abnormalities such as diastematomyelia, Chiari
malformation, and syringomyelia, as well as less com-
mon findings including pulmonary cysts and dermoid
tumors [8].

The diagnosis of KFS is usually prompted by clinical
findings and confirmed with imaging modalities such
as plain radiography, computed tomography (CT), or
magnetic resonance imaging (MRI). Genetic testing is
generally reserved for selected familial cases or rese-
arch purposes [2]. Because KFS often involves multiple
organ systems and may predispose patients to neurolo-
gical or cardiopulmonary complications, coordinated
care involving specialties such as orthopedics, neuro-
surgery, cardiology, nephrology, audiology, and gene-
tics plays a key role in long term management.

This article was designed as a narrative review focusing
on rare clinical associations and their practical implica-
tions in KFS. We narratively reviewed English langu-
age clinical, radiologic, genetic, and surgical literature
indexed in PubMed and major spine and neurosurgical
journals, prioritizing cohort studies, systematic re-
views, and illustrative case series published over the

last two decades, with classic historical studies inclu-
ded where relevant.

Clinical Presentation

KFS is traditionally described by a clinical triad consis-
ting of a short neck, a low posterior hairline, and mar-
ked limitation of cervical range of motion. Despite this
classic description, up to one third of affected individu-
als may remain asymptomatic until adolescence or
adulthood [9]. Recent epidemiologic studies based on
pediatric CT series have reported prevalence rates as
high as 1 in 8,300, which is substantially higher than
earlier estimates of approximately 1 in 40,000 live
births. These findings suggest that a considerable num-
ber of mild cases may remain unrecognized in routine
clinical practice [10]. This discrepancy likely reflects
ascertainment bias and differing case definitions. His-
torical birth prevalence estimates primarily capture cli-
nically apparent syndromic cases, whereas imaging ba-
sed pediatric CT studies also identify incidental conge-
nital fusion patterns that may not meet full clinical cri-
teria for KFS.

Radiographic Classification

Radiographically, KFS is subdivided into three types
based on the number, contiguity, and level of fused seg-
ments [11].

Type I: Extensive multilevel fusion, often involving
upper thoracic vertebrae.

Type II: Fusion of one or two adjacent cervical seg-
ments, frequently with hemivertebrae or block verteb-
rae.

Type III: Any cervical fusion in conjunction with tho-
racic or lumbar involvement.

This classification has important clinical implications.
Extensive multilevel fusion (Type I) is associated with
increased adjacent segment stress, instability, and neu-
rologic risk, whereas Type II fusion typically confers
more localized biomechanical vulnerability. Type III
patterns often reflect more global spinal deformity and
may be accompanied by cardiopulmonary and mul-
tisystem involvement.

Syndrome and Associations

KFS shows substantial phenotypic variability, and a
wide range of extraspinal anomalies has been described
in the literature. Among nonvertebral findings, intrac-
ranial dermoid and teratoid lesions are particularly rare.
To date, approximately 23 cases of dermoid or teratoid
tumors have been reported in the literature, based on
published case reports and small case series. These le-
sions are most often located in the posterior fossa or at
the craniocervical junction and, in some cases, have
been associated with complications such as aseptic me-
ningitis or hydrocephalus [12,13].

Otolaryngologic and Musculoskeletal Findings
Although patients with KFS are most commonly evalu-
ated in orthopedic, neurosurgical, and physical medi-
cine clinics, otolaryngologic manifestations are frequ-
ent and clinically relevant due to associated craniofa-
cial and auditory anomalies. Hearing impairment rep-
resents the most frequent otologic finding in patients
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with KFS and has been reported in approximately 30 to
60 percent of cases. Hearing loss may be conductive,
most often related to middle ear dysplasia, ossicular
chain malformations, or external auditory canal steno-
sis, or sensorineural, usually resulting from inner ear
abnormalities such as cochlear hypoplasia, absent se-
micircular canals, or a narrow internal auditory canal
[14,15]. Mixed hearing loss is uncommon, although
isolated conductive hearing loss has been described in
single case reports, reflecting the variability of middle
ear involvement in this condition [16,17].

In addition to auditory involvement, dysphagia and
airway related problems are clinically relevant con-
cerns. Cervical vertebral fusion and restricted neck
extension may alter the anatomy of the oropharyngeal
inlet, leading to chronic swallowing difficulties, incre-
ased aspiration risk, and, in more severe cases, sleep
related breathing disorders. Among pediatric patient se-
ries, up to 15 percent have required early intervention
to address airway compromise [18]. Cleft palate and
submucous cleft variants have also been reported in as-
sociation with KFS, consistent with underlying midline
developmental disturbances. Craniofacial abnormali-
ties such as micrognathia, temporomandibular joint hy-
poplasia, and mandibular asymmetry may further
complicate feeding and airway management and often
require coordinated care involving maxillofacial sur-
gery and speech therapy. Thyroid abnormalities, inclu-
ding ectopic thyroid tissue and thyroid hemiagenesis,
have been reported as well and should be considered
during comprehensive clinical evaluation [7].
Musculoskeletal involvement is similarly diverse and
may contribute substantially to functional limitation.
Sprengel deformity, defined as congenital elevation of
the scapula, is observed in approximately 30 to 35 per-
cent of patients and appears to correlate with the extent
of cervical fusion. Bilateral involvement and omover-
tebral connections have been described and may occa-
sionally necessitate surgical correction to improve sho-
ulder function and appearance [19,20]. Congenital sco-
liosis is present in roughly 60 to 70 percent of affected
individuals, with both curve magnitude and progression
closely related to fusion pattern. Patients with extensive
multilevel fusion typically demonstrate more severe de-
formity, with mean Cobb angles around 31 degrees,
compared with those with isolated single level fusion
or combined cervical and thoracic involvement [21].
Cervical ribs and bifid ribs are reported in approxima-
tely 20 to 25 percent of cases and may predispose pati-
ents to neurovascular compression syndromes such as
thoracic outlet syndrome during adolescence or adult-
hood [22].

Split cord malformations, including diastematomyelia
and other intraspinal abnormalities, have been well do-
cumented in association with congenital vertebral ano-
malies. These findings may be detected incidentally or
may present with progressive myelopathy, worsening
scoliosis, or neuropathic pain. Case reports and small
series describe such anomalies in patients with KFS,
while larger imaging based studies in congenital
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scoliosis populations demonstrate a high prevalence of
intraspinal abnormalities, including diastematomyelia
and syringomyelia, on MRI [23-25]. For this reason,
early spinal MRI is recommended in patients with neu-
rological symptoms, progressive spinal deformity, or
atypical pain patterns. In addition, atlantoaxial instabi-
lity has been reported in nearly half of patients with
KFS and is associated with an increased risk of spinal
cord injury even after minor trauma. Dynamic flexion
and extension radiographs are therefore essential in se-
lected patients, and surgical stabilization may be consi-
dered when significant instability is identified [26,27].
Overall, otolaryngologic and musculoskeletal manifes-
tations constitute an important component of the clini-
cal spectrum of KFS. Careful surveillance and timely
intervention, supported by close collaboration among
relevant specialties, are essential to minimize long term
functional impairment and neurological complications.
At the time of diagnosis, a baseline otolaryngologic and
audiologic evaluation is recommended. This includes
formal audiometry with characterization of hearing loss
type, otoscopic examination, and targeted temporal
bone imaging when structural anomalies or cochlear
implantation are considered. In symptomatic patients,
assessment for dysphagia and sleep disordered breat-
hing using clinical screening tools, with polysomnog-
raphy when indicated, should be considered.

Spinal and Neural Tube Malformations

KFS may coexist with spinal dysraphism and other int-
radural abnormalities, likely reflecting shared distur-
bances in axial segmentation during embryonic deve-
lopment. Split cord malformation, also referred to as di-
astematomyelia, has been repeatedly reported in asso-
ciation with vertebral segmentation disorders. Recent
systematic reviews focusing on cervical split cord mal-
formations indicate that a substantial proportion of re-
ported cervical cases occur in the setting of Klippel-Feil
type fusion patterns [28]. Earlier surgical literature sug-
gested a broader spectrum of associated anomalies, inc-
luding  syringomyelia ~and myelomeningocele.
However, current understanding is largely derived from
contemporary case reports, small series, and systematic
reviews rather than early archival cohorts.
Syringomyelia and Chiari malformations have also
been described in patients with KFS. Their clinical re-
levance lies in the potential for progressive myelo-
pathy, chronic pain, and worsening spinal deformity.
For this reason, a low threshold for spinal MRI is re-
commended in patients presenting with neurological
symptoms, progression of scoliosis, or atypical pain
patterns [29]. Subsequent reports have documented
both pediatric and adult presentations, including an
eight year old child with cervical diastematomyelia and
KFS [30], as well as asymptomatic adult patients in
whom cervical split cord malformation was identified
incidentally on MRI [25].

In syringomyelia, fluid filled cavities known as sy-
rinxes develop within the spinal cord parenchyma, most
commonly affecting the cervical or thoracic regions.
Several series report syringomyelia in approximately
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15 to 30 percent of Klippel-Feil cohorts, with syrinxes
extending over variable numbers of vertebral levels.
The development of syringomyelia in this setting is tho-
ught to be related to altered cerebrospinal fluid dyna-
mics at sites of congenital bony fusion. Coexistence
with Chiari type I malformation, defined by caudal
displacement of the cerebellar tonsils through the fora-
men magnum, has also been reported in a notable pro-
portion of cases [31]. When diastematomyelia and sy-
ringomyelia occur together, the risk of progressive ne-
urological impairment, neuropathic pain, and accelera-
ted scoliosis progression appears to be increased [2].
Tethered cord syndrome, characterized by abnormal
fixation of the distal spinal cord, has been reported in
up to 24 percent of patients with KFS undergoing deta-
iled neuroimaging. This finding is often accompanied
by diastematomyelia or lipomyelomeningocele [32].
Clinical manifestations may include back pain, lower
extremity weakness, or bladder dysfunction, and surgi-
cal detethering has been shown to stabilize or improve
neurological outcomes in selected patients.

Congenital vertebral anomalies in KFS are not limited
to simple cervical fusion. Adjacent segment abnorma-
lities such as hemivertebrae, block vertebrae, and but-
terfly vertebrae are frequently observed and contribute
to the development of congenital scoliosis in app-
roximately 60 to 70 percent of affected individuals.
Curve severity is closely related to the underlying fu-
sion pattern. Patients with extensive multilevel fusion
typically demonstrate the greatest deformity, with
mean Cobb angles around 31 degrees, whereas those
with isolated single level fusion show milder curvature,
averaging approximately 9 degrees [33,34].

Given the frequency and heterogeneity of these abnor-
malities, MRI remains the preferred modality for iden-
tifying intradural pathology such as syrinx formation,
fibrous septations, and cord tethering. CT myelography
may provide additional detail regarding bony septa and
fusion anatomy in selected cases [2]. Dynamic radiog-
raphic evaluation using flexion and extension views is
useful for assessing segmental instability, particularly
at the atlantoaxial junction, where hypermobility has
been reported in nearly half of patients with extensive
cervical fusion [31]. Long term multidisciplinary fol-
low up, incorporating neurosurgical, orthopedic, and
rehabilitative care, is essential to monitor for progres-
sive deformity, neurological deterioration, and secon-
dary degenerative changes.

KFS is defined by congenital fusion of cervical verteb-
rae, yet its musculoskeletal effects frequently extend
beyond the cervical region, most notably through the
development of scoliosis and related spinal deformities.
Multiple clinical series report scoliosis in approxima-
tely 60 to 70 percent of patients, with both prevalence
and severity influenced by the pattern of vertebral fu-
sion. In one cohort of 52 patients, scoliosis was identi-
fied in 53.3 percent of young individuals with KFS,
particularly among those with Type III fusion patterns
and associated hemivertebrae [35]. Similarly, a land-
mark study reported scoliosis rates ranging from 67 to

70 percent, with mean Cobb angles of 31 degrees in
Type 1, 9 degrees in Type II, and 23 degrees in Type I1I
disease, supporting the observation that more extensive
fusion is associated with greater curve severity [36].
Abnormal vertebral segmentation alters normal spinal
biomechanics by increasing mechanical stress at
adjacent mobile segments. This process predisposes pa-
tients to compensatory curvature, accelerated degene-
rative changes, and progressive spinal deformity. Early
identification through standing posteroanterior and la-
teral radiographs is therefore critical. Curve progres-
sion is most pronounced during periods of rapid
growth, and regular clinical and radiographic surveil-
lance is recommended until skeletal maturity. Surgical
intervention may be indicated for curves exceeding 40
degrees or in patients with significant pain or neurolo-
gical compromise.

From a practical standpoint, spinal MRI should be ob-
tained at diagnosis in patients with Type I or Type 111
fusion patterns, neurological symptoms, or early onset
scoliosis. Whole spine MRI allows assessment for sy-
ringomyelia, split cord malformation, and tethered
cord, while brain MRI should be added when cranio-
vertebral junction anomalies, headaches, cranial nerve
findings, or rapidly progressive scoliosis are present.
Reported prevalence rates should be interpreted as ran-
ges derived from heterogeneous cohorts rather than
precise estimates.

Genitourinary Abnormalities

Genitourinary anomalies constitute an important extra-
cervical manifestation of KFS. In classical patient co-
horts, clinically relevant renal or urinary tract abnorma-
lities have been reported in approximately 64 percent
of cases, most commonly unilateral renal agenesis de-
tected by intravenous urography or ultrasonography
[37].

Other reported abnormalities include renal ectopia,
such as cross fused or pelvic kidneys, horseshoe kid-
ney, vesicoureteral reflux, ureteropelvic junction obst-
ruction, and undescended testes. These findings are
supported by a large meta analysis of patients with con-
genital scoliosis that was not restricted to KFS. In that
study, genitourinary anomalies were identified in 22.9
percent of patients, and 13.9 percent required surgical
intervention. The most frequently reported abnormali-
ties were unilateral renal agenesis at 28.6 percent, renal
ectopia at 13.6 percent, and obstructive uropathy at 7.5
percent [38].

Given both the high prevalence and the potential for
long term clinical consequences, renal ultrasonography
is recommended at the time of KFS diagnosis, with sub-
sequent follow up guided by initial imaging findings.
Referral for urologic evaluation is appropriate in the
presence of structural abnormalities, recurrent urinary
tract infections, or evidence of urinary obstruction. The
frequent coexistence of vertebral and genitourinary
anomalies likely reflects a shared embryologic distur-
bance affecting paraxial mesoderm development, with
involvement of both the axial skeleton and the urogeni-
tal ridge. Accordingly, long term care should involve
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coordinated follow up between orthopedic and urology
or nephrology services in order to minimize the risk of
progressive spinal deformity and renal related morbi-
dity.

Cardiac and Respiratory Implications

Patients with KFS often have clinically important car-
diopulmonary comorbidities that arise from both struc-
tural abnormalities of the thoracic cage and intrinsic
congenital heart disease. Early case series and more re-
cent cohort studies report cardiac anomalies in app-
roximately 15 to over 30 percent of patients, with vent-
ricular septal defects being the most frequently identi-
fied congenital cardiac lesion [39,22]. In a comprehen-
sive review of published case reports from the past de-
cade, ventricular septal defects accounted for nearly 40
percent of all documented cardiac abnormalities, fol-
lowed by atrial septal defects, patent ductus arteriosus,
and more complex malformations such as tetralogy of
Fallot and coarctation of the aorta [22]. Total anoma-
lous pulmonary venous connection has been reported
only rarely, and successful surgical correction has been
described without perioperative complications related
to the cervical spine [39].

In addition to congenital heart disease, patients with
KFS may develop arrhythmias and cardiomyopathic
changes secondary to abnormal chest wall mechanics
and chronic volume overload. One reported case invol-
ved a 39 year old man with frequent ventricular trige-
miny and bigeminy detected on Holter monitoring, ac-
companied by mild to moderate pulmonary hyperten-
sion with a mean pulmonary artery pressure of app-
roximately 35 mm Hg [40]. In this patient, a restrictive
thoracic cage resulting from extensive cervical and tho-
racic vertebral fusion contributed to impaired pulmo-
nary expansion, reduced right ventricular filling, and
subsequent right sided cardiac strain.

Pulmonary involvement in KFS ranges from subclini-
cal restrictive lung patterns to overt respiratory insuffi-
ciency. Early observations by Baga and colleagues
described two siblings with progressive pulmonary
dysfunction, with forced vital capacity values as low as
45 percent of predicted and diffusion abnormalities
consistent with restrictive physiology. Subsequent
functional imaging studies supported these findings,
demonstrating elevated pulmonary artery pressures and
reduced exercise tolerance in patients with marked tho-
racic deformity. Chronic hypoventilation and depen-
dent atelectasis may further predispose affected indivi-
duals to recurrent lower respiratory tract infections, the-
reby increasing overall morbidity [41].

Reports from the anesthesiology literature emphasize
the complexity of perioperative cardiopulmonary ma-
nagement in this patient population. In one case, a 52
year old patient undergoing occipito cervical stabiliza-
tion developed significant hemodynamic instability af-
ter being placed in the prone position, including persis-
tent tachycardia, hypotension, and transient electrocar-
diographic changes, despite aggressive fluid administ-
ration and vasoactive therapy [42]. Postoperative respi-
ratory failure required prolonged mechanical
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ventilation, likely related to diaphragmatic dysfunction
associated with phrenic nerve involvement and reduced
chest wall compliance.

Pulmonary hypertension has been described in several
adult patients with KFS and is thought to result from
chronic hypoxia and increased pulmonary vascular re-
sistance. In the previously described 39 year old pati-
ent, echocardiography demonstrated right atrial enlar-
gement and tricuspid regurgitation, findings consistent
with evolving right heart dysfunction [40]. While me-
dical therapy with pulmonary vasodilators and diuretics
may alleviate symptoms, long term outcomes depend
largely on the severity of the underlying restrictive tho-
racic pathology, which is often difficult to modify be-
cause of fixed skeletal abnormalities.

Taken together, cardiopulmonary involvement in KFS
reflects a combination of congenital cardiac defects,
restrictive lung disease related to thoracic deformity,
pulmonary hypertension, rhythm disturbances, and inc-
reased perioperative risk. Early and coordinated evalu-
ation involving cardiology, pulmonology, anesthesio-
logy, and orthopedic surgery is therefore essential to
optimize clinical management, guide surgical planning,
and support long term follow up.

Genetic Heterogeneity

KFS represents a congenital vertebral segmentation di-
sorder with marked genetic heterogeneity. Both mono-
genic and oligogenic inheritance patterns have been
described, and considerable locus heterogeneity has
been observed across different patient cohorts. Early fa-
mily based studies demonstrated autosomal dominant
and autosomal recessive modes of inheritance, while
experimental animal models implicated members of the
PAX gene family and components of the Notch signa-
ling pathway in abnormal axial patterning [43].
Subsequent gene discovery studies identified five genes
that are most consistently associated with KFS, namely
GDF6, GDF3, MEOX1, MYO18B, and RIPPLY2. Va-
riants in these genes account for a subset of familial and
sporadic cases. GDF6 and GDF3 are members of the
transforming growth factor beta superfamily and play a
key role in somitic development and neural crest cell
differentiation. Disruption of these genes in animal mo-
dels results in vertebral segmentation defects that clo-
sely resemble the human phenotype. MEOX1 encodes
a homeobox transcription factor that is critical for pa-
raxial mesoderm development, and recessive mutations
in this gene have been associated with contiguous mul-
tilevel cervical fusion and more severe extraspinal in-
volvement [32]. MYO18B and RIPPLY?2 also contri-
bute to somite boundary formation, and variants of un-
certain significance in MYO18B have been reported in
exome sequencing studies, highlighting ongoing chal-
lenges in variant interpretation [32].

However, single gene explanations do not fully account
for the wide phenotypic variability observed in KFS. A
large burden analysis examining 96 candidate genes in-
volved in vertebral segmentation demonstrated an oli-
gogenic architecture, with additional risk attributed to
rare variants in genes such as BAZ1B, FREM2, SUFU,
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VANGLI1, and KMT2D [32]. Whole exome sequen-
cing performed in patients with the distinctive
sandwich fusion subtype further identified pathogenic
variants in PAX1, MYO18B, and FGFR2, suggesting
that specific genetic profiles may underlie certain radi-
ographic patterns and expanding the known genetic
spectrum beyond the initially described genes [44].
Multigene panel studies have, in some cases, failed to
identify pathogenic variants in the commonly implica-
ted genes, reinforcing the concept of substantial genetic
heterogeneity and the likelihood of additional, as yet
unidentified, loci. At the same time, these studies have
proposed new candidate genes, including COL6AI,
COL6A2, GLI3, FLNB, CHRNG, MYH3, POR, and
TNXB, thereby broadening the range of genetic contri-
butors linked to KFS [44]. In an effort to improve ge-
notype phenotype correlations, four genetic radiograp-
hic classes, designated KF1 through KF4, have been
proposed, with certain genes appearing more frequently
in association with specific fusion patterns and degrees
of severity [45].

This multilocus and multivariant model has important
clinical implications. Genetic evaluation of patients
with KFS increasingly relies on targeted gene panels
and exome sequencing, particularly in familial cases.
Interpretation of identified variants requires careful
consideration of population frequency data, computati-
onal pathogenicity predictions, and functional evidence
when available. Overall, current evidence supports the
view that KFS is not a single gene disorder, but rather
a spectrum of segmentation abnormalities arising from
disruption of an interconnected network of develop-
mental genes, in which both primary pathogenic vari-
ants and modifying factors contribute to the final clini-
cal presentation [44].

Genetic testing may be considered in patients with fa-
milial clustering, severe multilevel fusion, syndromic
features, or additional congenital anomalies, as well as
for prenatal counseling. However, many identified va-
riants remain of uncertain significance, and genetic fin-
dings do not always alter clinical management, unders-
coring the need for cautious interpretation.
Trauma-Related Neurologic Injury

Patients with KFS are at increased risk of serious neu-
rological injury even after relatively minor cervical tra-
uma. This vulnerability is related to congenital verteb-
ral fusion, altered spinal biomechanics, and the frequ-
ent presence of cervical spinal stenosis. Fused vertebral
segments form rigid blocks that transfer mechanical
stress to adjacent mobile levels, leading to segmental
hypermobility. Over time, this increased motion predis-
poses nonfused segments to accelerated degenerative
changes, disc herniation, and instability. Several case
series have shown that low energy trauma, such as mi-
nor falls or low velocity motor vehicle accidents, can
result in acute spinal cord compression at the junctions
between fused and mobile segments, often due to disc
protrusion into the spinal canal with subsequent cord
contusion [46].

Congenital vertebral fusion in KFS commonly coexists
with developmental narrowing of the cervical spinal ca-
nal. Classic reports describe catastrophic spinal cord in-
jury occurring after minimal trauma in patients with un-
derlying stenosis, as reduced canal diameter amplifies
the compressive effects of small disc herniations or os-
teophytic changes [25]. Dynamic flexion and extension
imaging has demonstrated that transient subluxations at
unstable junctions may further compromise the spinal
canal and increase the risk of myelopathy. In one re-
port, a middle aged patient with previously unrecogni-
zed fusion at the C2 and C3 levels developed tetraple-
gia following a minor rear end collision. Imaging reve-
aled acute disc herniation at the mobile segment
adjacent to the fused block, with spinal cord edema
extending across multiple levels [47]. Other reports
have documented Brown Sequard type neurological
presentations after trivial cervical hyperextension in pa-
tients with more extensive fusion patterns, illustrating
how altered canal anatomy can result in focal and
asymmetric cord injury [48]. In another case, congeni-
tal fusion at multiple cervical levels predisposed a pati-
ent to an odontoid fracture and subsequent lower cervi-
cal spinal cord injury after a motorcycle accident, high-
lighting the tendency for traumatic forces to be trans-
mitted to anatomically distant segments [49].

Imaging findings following trauma in patients with
KFS may be atypical. Fractures can occur through fu-
sed vertebral segments or at transitional zones, someti-
mes with minimal osseous displacement. Advanced
imaging with CT and MRI frequently reveals spinal
cord contusions, intramedullary hemorrhage, or osse-
ous septa causing focal canal compromise. Karasick
and colleagues described distinctive imaging patterns
in this population, including fractures traversing fused
vertebrae that were associated with marked spinal cord
edema on MRI despite limited bony displacement [50].
For this reason, a low threshold for MRI is recommen-
ded in any patient with known or suspected KFS who
presents with cervical trauma, even when initial clinical
findings appear mild.

Given the substantial risk of irreversible neurological
injury, patients with KFS should receive specific coun-
seling regarding activity modification and strategies for
fall prevention. General recommendations include avo-
idance of contact sports and prompt medical evaluation
after any head or neck injury. In addition, patients fo-
und to have cervical spinal stenosis may benefit from
early referral for surgical evaluation to consider
prophylactic decompression or stabilization, particu-
larly when dynamic imaging demonstrates significant
instability [25].

Although timely surgical decompression and stabiliza-
tion can preserve or improve neurological function in
some traumatic cases, clinical outcomes remain vari-
able. Rehabilitation strategies must address not only the
consequences of spinal cord injury, such as spasticity,
impaired mobility, and autonomic dysfunction, but also
the underlying cervical rigidity and the risk of adjacent
segment degeneration. Long term prognosis depends
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on injury severity, the speed of intervention, and the
degree of residual spinal canal compromise.

Red flag symptoms following even minor cervical tra-
uma include new onset paresthesia or weakness, gait
disturbance, Lhermitte type sensations, urinary reten-
tion, or severe neck pain. In such cases, urgent CT and
MRI evaluation is warranted even if initial plain radi-
ographs appear unremarkable. Flexion extension radi-
ographs are reserved for patients with pain, neurologi-
cal symptoms, suspected instability, or preoperative as-
sessment.

Anesthetic Challenges

Anesthetic management of patients with KFS is chal-
lenging because of marked cervical spine abnormali-
ties, limited neck mobility, and the frequent presence of
associated comorbid conditions. Fixed cervical defor-
mity and a shortened neck require careful preoperative
assessment of the airway. In many cases, this includes
awake fiberoptic examination or videolaryngoscopy to
evaluate glottic exposure and to plan alternative airway
strategies if needed [51,52]. Conventional Mallampati
classification is often insufficient in this population.
When airway narrowing is suspected, dynamic imaging
methods such as ultrasonography or CT may assist in
estimating thyromental distance and identifying poten-
tial subglottic narrowing [53].

Preoperative evaluation should also include detailed
imaging of the cervical spine to define fusion levels,
assess atlantoaxial stability, and identify coexisting spi-
nal canal stenosis. Equipment for advanced airway ma-
nagement, including fiberoptic bronchoscopes, video-
laryngoscopes, and supraglottic airway devices, should
be readily available, and preparation for an emergency
surgical airway is recommended [54]. The choice of in-
duction technique depends largely on the degree of cer-
vical immobility. In patients with severe restriction,
awake fiberoptic intubation under topical anesthesia
may reduce the risk of neurological injury, whereas in
less severe cases, video assisted intubation techniques
may be appropriate [55]. Comparative studies have
shown higher first attempt success rates with video-
laryngoscopy and flexible fiberoptic techniques com-
pared with direct laryngoscopy in patients with KFS,
although outcomes remain highly dependent on opera-
tor experience [56].

Pediatric patients present additional challenges related
to smaller airway dimensions, increased susceptibility
to airway edema, and limited cooperation. In these ca-
ses, inhalational induction with maintenance of sponta-
neous ventilation is often preferred until the airway is
secured [57]. Surgical procedures performed in the
prone position, such as correction of Sprengel defor-
mity, require meticulous positioning, careful padding
of pressure points, and continuous confirmation of en-
dotracheal tube placement using capnography and aus-
cultation. In obstetric patients with KFS undergoing ce-
sarean delivery, close coordination among obstetric,
anesthetic, and neonatal teams is essential. Regional
anesthesia techniques may be favored to avoid airway
manipulation, although the spread of neuraxial
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anesthesia can be unpredictable because of underlying
vertebral anomalies [58].

Thoracic deformities and limited chest wall mobility
may contribute to restrictive lung physiology and hy-
poventilation during anesthesia. Ventilation strategies
should therefore emphasize low tidal volumes with
appropriate respiratory rates to maintain adequate mi-
nute ventilation [59]. Hemodynamic instability may oc-
cur during prone positioning or cervical manipulation,
and invasive arterial pressure monitoring should be
considered in patients with significant cardiopulmo-
nary disease. Reports of intraoperative tachyarrhyth-
mias and pulmonary hypertension further highlight the
need for continuous cardiovascular monitoring and re-
adiness to administer vasoactive medications when
required [54].

After surgery, tracheal extubation should be performed
only when the patient is fully awake and protective
airway reflexes have returned. Prolonged postoperative
monitoring in an intensive care setting may be neces-
sary for individuals with substantial comorbidities or
those who required difficult or prolonged airway mana-
gement [54]. Optimal perioperative care is best achie-
ved through a multidisciplinary approach involving
anesthesiology, neurosurgery, orthopedics, pulmono-
logy, and otolaryngology, with the goal of minimizing
airway related, neurological, and musculoskeletal
complications in this high risk patient population.

A structured perioperative approach includes preopera-
tive imaging to define fusion extent, craniocervical ins-
tability, and spinal canal dimensions, followed by a pre-
defined airway plan with primary and rescue strategies.
Strict neutral neck positioning should be maintained,
and postoperative monitoring thresholds should be
lower in patients with obstructive sleep apnea, restric-
tive lung disease, or prolonged airway instrumentation.
Conclusion

KFS is characterized by clinical manifestations such as
short neck, low hairline at the back of the head, and
restricted neck mobility resulting from abnormal cervi-
cal spine fusion during fetal development. Additio-
nally, it is associated with congenital anomalies and ot-
her health issues. This syndrome is linked with various
conditions including scoliosis, genitourinary abnorma-
lities, Sprengel deformity, cardiac abnormalities, and
hearing loss.

Key clinical points that should not be overlooked inc-
lude:

1. Renal ultrasonography at diagnosis due to the high
prevalence of genitourinary anomalies.

2. Baseline otolaryngologic and audiologic assessment.
3. Early MRI based screening for neural axis abnorma-
lities in high risk patients.

4. Trauma counseling with a low threshold for advan-
ced imaging.

5. Anticipation of difficult airway and spinal instability
during anesthesia and surgery.
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