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1 | INTRODUCTION characterized by congenital muscle hypotonia, congen-

ital or early onset and progressive kyphoscoliosis, gen-
Kyphoscoliotic Ehlers-Danlos syndrome (KEDS) is a eralized joint hypermobility, skin and scleral fragility,
rare autosomal recessive connective tissue disorder  facial dysmorphia, and vascular fragility."* Kyphoscoliotic
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Ehlers-Danlos syndrome can be divided into two sub-
types based on genotyping. KEDS-PLODI1 (OMIM 225400)
results from lysyl-hydroxylase-1 (LH1) deficiency due
to pathogenic variants of PLODI (procollagen-lysine,
2-oxoglutarate 5-dioxygenase 1) gene. KEDS-FKBPI4
(OMIM 614557) is due to pathogenic variants of FKBP14
gene. LH1 is a posttranslational modification enzyme that
plays an important role in the formation of intra- and in-
termolecular collagen cross-links.’ Lack of LH1 leads to
an under hydroxylation of collagen lysyl residues and
ultimately to impaired formation of collagen cross-links,
leading to unstable affected tissues.*

Severe and life-threatening complications such as
spontaneous aneurysms or spontaneous ruptures of medi-
um- to large-sized arteries have been reported in patients
affected by kKEDS-PLOD1.>°

We hereby report the case of a 29-year-old female
diagnosed with kKEDS-PLODI, due to two novel PLODI
mutations, who presented several vascular manifesta-
tions. This case illustrates the severity of KEDS and the
complexity of disease management associated with this
condition.

2 | CLINICAL CASE

A 29-year-old female was referred to our department with
a suspicion of KEDS. She was born with muscle hypoto-
nia, joint hypermobility, and congenital vertical talus. She
walked without assistance at 24 months. Myopia and ky-
phoscoliosis were diagnosed during childhood. Despite
early disease management, kyphoscoliosis progressed rap-
idly and required four successive interventions for arthro-
desis over a period of 6years. She developed restrictive
lung disease with a forced vital capacity of 40% leading to
treatment by noninvasive ventilation. Falls were frequent
and she had difficulty climbing stairs. The fourth spinal
surgery at the age of 14 improved mobility, but she has
never been able to run. Joint instability was moderate. She
also had lower incisor root resorption.

In her 20s, myopia worsened (—10.75 and —13.75 di-
opters) with the development of open-angle glaucoma.
She required anticoagulant treatment for an idiopathic
pulmonary embolism (thrombophilia screening was neg-
ative). She developed progressive weakness in the lower
limbs with a positive Gower's sign. Walking, balance, and
autonomy became increasingly difficult. A muscle bi-
opsy was performed and revealed an asymmetric axonal
sensorimotor neuropathy and a demyelinating neurop-
athy in the legs, which was probably responsible for the
development of bilateral perforating plantar ulcers. She
developed urinary and bowel incontinence with a renal
angiomyolipoma.

At clinical examination at the age of 29, arm span ratio
was 1.09. She presented minor pectus carinatum, pes pla-
nus, talipes varus, arachnodactyly with positives thumb
and wrist signs, and atrophy of thenar and hypothenar
eminences. She had blue sclera and mandibular retrog-
nathia (Figure 1). Her skin was velvety and hyperelastic
with multiple abnormal scars (atrophic/papyraceous or
dystrophic). She had varicose veins and hyperpigmenta-
tion of bruises on the legs (Figure 1). In addition, she had
generalized joint hypermobility with a Beighton score of
6/9. She complained of muscle weakness which was more
marked in her legs.

Based on the clinical history and examination, she was
diagnosed with kyphoscoliotic EDS. Her parents did not
met criteria for any type of EDS.

3 | INVESTIGATIONS

Genetic testing by next generation sequencing-targeted
panel, identified pathogenic heterozygous compound
variants in PLOD1 gene with ¢.1756-13 C> A paternally
inherited in exon 17, probably disrupting the acceptor site
of intron 16, and a 5-bp deletion c.814_818delGAAGG
in exon 8 maternally inherited, leading to a premature
stop codon p.(Glu272Leufs*10). The pathogenicity of the
identified PLODI variants (NM_000302.4) was assessed
through a set of criteria according to the American College
of Medical Genetics and Genomics (ACMG) guidelines.
Genomic Sanger sequencing in the parents confirmed the
localization in trans of these variants. They have not been
described to date (PubMed, LOVD, and HGMD Pro) and
their allelic frequencies are unknown (GnomAD). The
c.814_818delGAAGG variant leads to a truncated protein
in exon 9 and ¢.1756-13 C > A probably results in splicing
alteration in the C part of the protein disturbing the cata-
lytic site of PLOD1.’

4 | FOLLOW-UP

After diagnosis, symptoms progressively worsened. She
developed bilateral scleromalacia, bilateral corneal thin-
ning (432pm in the right eye and 465pum in the left eye),
and peripheral retinal fragility. Osteodensitometry showed
femoral osteopenia (T-score: —1.9 and—1.3). X-ray re-
vealed acetabular protrusions and a disc herniation at L5
(Figure 2c), which was responsible for pain and neuropa-
thy of the lower limbs. Subsequently, spinal cord compres-
sion with spinal cord atrophy was identified. A systematic
cardiac and vascular evaluation revealed splenic infarc-
tions without identified trauma and a small ectasia of the
splenic artery (Figure 2d). The Doppler ultrasonography
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FIGURE 1 Clinical phenotype of the KEDS patient. (A) Patient at the age of 29 years after multiple surgical corrections of severe

thoracolumbar scoliosis. (B) Pes planovarus and scar hyperpigmentation. (C) Varicose veins of the left lower limb; (D) Joint hyperlaxity:

passive apposition of the thumb on the forearm. (E) Mandibular retrognathia. (F) Atrophic scars on the forehead

of the lower extremity arteries revealed several complica-
tions. On the right leg, she had a false thrombosed occlu-
sive aneurysm of the proximal anterior tibial artery and
a dissection of the posterior tibial artery without stenosis
(Figure 3). On the left leg, she had a dissecting aneurysm of
the tibial-peroneal trunk with a parietal hematoma with-
out significant hemodynamic stenosis (Figure 4), an occlu-
sion and a dysplasia of posterior tibial artery on a probable
occlusive dissection. The left anterior tibial artery was of
irregular size, with a stenosing dissection and a parietal
hematoma, also moderately stenosing. Venous examina-
tion showed an incontinence of the long saphenous vein at
the saphenofemoral junction. Echocardiography revealed
a myxoid mitral valve without prolapse. Left ventricular
ejection fraction was reduced to 43%.

The patient was referred to a vascular medicine de-
partment for management and follow-up of her vascular
complications. However, these incidents considerably dis-
rupted management of her lumbar pain, which became
extremely challenging due to pain Kkiller resistance. The

indications for treatment via infiltrations or new spinal
surgery were intensively discussed, the benefit-risk bal-
ance was considered unfavorable. Palliative therapeutic
strategies have been preferred.

5 | DISCUSSION
PLODI-related kyphoscoliotic EDS is a rare autosomal-
recessive connective tissue disorder needing appropriate
follow-up to manage complications such as progressive
kyphoscoliosis with restrictive lung disease, skin fragility,
scleral and ocular complications, and vascular fragility.
We report the natural history of a woman with a se-
vere KEDS phenotype in whom the occurrence of vascu-
lar events complicated management and clinical care of
her other complications of KEDS. The development in
her 30s of arterial manifestations illustrated underlying
vascular fragility that was not present during her child-
hood. Because of the extreme fragility of the condition,
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FIGURE 2 Radiological findings at the age of 29 and 30years. (A and B) Left thoracolumbar kyphoscoliosis corrected by arthrodesis. (C)
L5-S1 disc herniation. (D) Splenic infarction (full arrow) and angiomyolipoma (dashed arrow)

we strongly recommended regular vascular and cardiac
monitoring in order to detect aneurysms and dissections.

Our case underlines the increased risk of vascular ac-
cidents that may occur in kEDS-PLODI. Although vascu-
lar events are more common in vascular EDS, ruptures,
dissections, or dissecting aneurysms of large- or medium-
sized arteries have been reported in several studies fo-
cused on KEDS-PLODI, supporting the presence of these
potential life-threatening complications in the diagnos-
tic criteria.>®*? Several cases have been reported. One
patient died from an arterial rupture at the age of 14.
Aortic or arterial aneurysms have been found in five pa-
tients, two of them died.>'°'* One patient had an acute
cardiac failure due to a spontaneous dissection of the left
anterior descending artery.* Other vascular events (mitral
valve prolapse, aortic dilatation, aortic stenosis, deep ve-
nous thrombosis, antenatal/neonatal intracranial hemor-
rhage, etc.) underline the variability of vascular fragility
in these patients.>® Overall, these reports demonstrate
that patients with KEDS-PLODI are at risk of developing
severe vascular complications at any age and should be
offered cardiovascular management similar to vascular
EDS patient. After diagnosis, we advise regular cardio-
vascular follow-up to screen for complications that may

occur at any age.5 Blood pressure monitoring is recom-
mended as well as early beta-blocker therapy for the sec-
ondary prevention of arterial complications. Doctors and
surgeons should be advised about the potential risks of
some interventions.’

Pain is a common symptom among EDS patients."
However, patients may not respond to standard pain med-
ications. In our case, the management of severe pain due
to the lumbar disc herniation was a problem as pain was
pharmaco-resistant. Invasive treatments of the herniated
disc such as infiltrations or conventional discectomy were
considered, but finally excluded due to the high risk in
a patient with vascular fragility. Palliative therapeutic
strategies were preferred, with annual hospitalization in
a physical medicine and rehabilitation unit for follow-up
and disease management (including scoliosis, lower limb
pain, mobility, and balance support).

Because of the possible occurrence of vascular events,
involvement of the multidisciplinary team is essential not
only to explore treatment decisions, avoid iatrogenesis,
but also to address pain and osteoarticular complications.
Care providers should be aware of the risks of complica-
tions of invasive procedures that could occur in EDS pa-
tients with vascular fragility, independently of the type.
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FIGURE 3 Arterial ultrasonography and Doppler of the false thrombosed occlusive aneurysm (proximal right anterior tibial artery).

(A) and (B): Longitudinal view. (C): Transverse view. (D) Longitudinal view on ultrasonography and (E) Doppler ultrasonography of the

dissection of the right posterior tibial artery

FIGURE 4 Arterial ultrasonography and Doppler of the dissecting aneurysm of the left tibial-peroneal trunk. (A) and (B): Longitudinal

view. (C): Transversal view

In conclusion, kEDS is a rare disease impacting
multiple organ systems requiring the involvement
of a specialized multidisciplinary team to optimize
management.
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