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To the Editor,

Tibia hemimelia, defined as the congenital partial or complete absence

of the tibia, is a very rare lower limb deficiency and has an estimated

worldwide incidence of only 1 in a million births (Chong &

Paley, 2021; Paley, 2016; Stevenson, 2016; Taleb et al., 2019). Tibia

hemimelia can be observed both unilateral and bilateral, isolated or

with associated (lower)limb abnormalities, and is sporadic in the

majority of the patients although familial occurrence has been

described (Chong & Paley, 2021; Clinton & Birch, 2015; Kumar Sahoo

et al., 2019; Matsuyama et al., 2003; Paley, 2016). Tibia hemimelia has

been linked to or been described as part of several syndromes and

associations (Chong & Paley, 2021; Paley, 2016) which include, among

others, “tibia, hypoplasia or aplasia with polydactyly” (MIM#18874),

“triphalangeal thumb with polysyndactyly” (MIM#174500), “tri-
chorhinophalangeal syndrome type II/Langer-Giedion syndrome”
(MIM#150230), VATER/VACTERL association (MIM%192350), split-

hand/foot malformation syndrome with long bone deficiency (MIM%

119100) and Gollop–Wolfgang complex (MIM%228250). Although

(minor) limb anomalies have been described in CHARGE syndrome

(Coloboma, Heart defects, Atresia of the choanae, Retardation of

growth and development, Genito-urinary and Ear abnormalities)

syndrome in approximately 30%–40% of the patients (Brock

et al., 2003; Legendre et al., 2017), tibia hemimelia has been described

only occasionally (Alazami et al., 2008; Brock et al., 2003; Clinton &

Birch, 2015; Gennery et al., 2008; Prasad et al., 1997; van de Laar

et al., 2007). Whether tibia hemimelia is part of the phenotypic spec-

trum of CHARGE syndrome could be of diagnostic importance as sub-

sequently the presence of tibia hemimelia should not automatically

discard a possible diagnosis of CHARGE syndrome. This is especially

the case at the beginning of diagnostic work-up when the presence or

absence of hallmark characteristics of CHARGE syndrome has not

been fully assessed yet.

On the neonatal intensive care unit, we saw a newborn girl with

bilateral lower limb abnormalities (Table 1). The prenatal history

reported bilateral clubfeet and an anomaly of the left lower leg. An

amniocentesis was performed and copy number variant (CNV)-array

analysis and QF-PCR (chromosomes 13, 18, and 21) were normal.

Directly after birth, she developed respiratory distress likely because

of choanal atresia and was intubated. Physical examination at the time

of initial consultation showed a sedated newborn girl with mild facial

dysmorphias including a right-sided external ear abnormality (left ear

not assessable) and bilateral lower limb anomalies and clubfeet. As at
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TABLE 1 Clinical and molecular characteristics

Age at diagnosis (years) 0

Sex F

Molecular characteristics

CHD7 mutation (c./p.) c.4015C > T; p.(Arg1339*), heterozygous

Variant classification Pathogenic

Detection method Exome sequencing

Inheritance de novo

Clinical classification

Verloes classification Typical CHARGE syndrome

Hale classification CHARGE syndrome

Diagnostic hallmarks of CHARGE syndrome

Colobomaa,b No

Heart defectc,d PDA

Choanal Atresiaa,b Yes, bilateral

Retardation growth/developmentc,d No/NA

Genito-urinary abnormalitiesd Bilateral cortical cysts, VUR Gr. III, unilateral hydronephrosis

Ear abnormalitiesb,c

External Minor (bilateral)

Middle Middle ear pathology, Type-I, R > L

A-/hypoplasia semi-circular canalsa,b Yes

Other

Other (potential) syndrome-related features

Intellectual disabilityc,d NA

Structural brain abnormalitiesd No

Archincephaly and/or anosmia (N. I) NA

Abnormalities cranial nerves VII–XIIc,d Hypoplasia N.VIII (R), aplasia (L)

Hypothalamo-hypophyseal dysfunctionc,d No

Esophageal abnormalitiesc,d No anatomical malformation

Dysphagia/feeding difficultiesd Yes (MIC-KEY button, GERD, Nissen fundoplication, swallowing difficulties)

Other abnormalities Thoracal/cervical spinal segmentation anomaliese

Aberrant right subclavian artery (arteria lusoria)

Tibia hemimelia classificatione,f

Right Yes

Jones 2

Weber IIIb

Paley 4A

Left Yes

Jones 1B

Weber VIIa

Paley 4B

Other limb abnormalitiese Yes, club foot bilateral; foot, L: slightly hypoplastic digit I

Treatment Bilateral amputation

Long-term outcome NA

Abbreviations: F, female; GERD, gastroesophageal reflux disease; L, left; NA, not assessed/assessable; PDA, patent ductus arteriosus; R, right; VUR,

vesicourethral reflux.
aVerloes major criterium.
bHale major criterium.
cVerloes minor criterium.
dHale minor criterium.
eSkeletal and limb anomalies are minor criterium in Hale classification.
fD. Paley was not involved in the orthopedic management of the patient.
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the time of clinical consultation on the intensive care unit (i) no defini-

tive syndromic diagnosis of CHARGE syndrome could be made as sev-

eral clinical and radiologic investigations were still ongoing and (ii) the

nature and extent of the limb anomalies was not fully elucidated, a

clinical exome (virtual gene panel “Mendelian inherited diseases,”
3671 genes) on the DNA of the proband and her parents was per-

formed after written informed consent. Exome sequencing, data

processing, and variant interpretation were performed as previously

described (Arts et al., 2019). With exome sequencing a heterozygous,

de novo, pathogenic variant in CHD7 was identified: c.4015C > T, p.

(Arg1339*), transcript NM_017780.3. Subsequent clinical and radio-

logical investigations showed typical features of CHARGE syndrome

(see Table 1 for a detailed overview). The clinical, molecular, and

orthopedic characteristics are summarized in Table 1. The Jones,

Weber, and Paley classifications (Paley, 2016) were 2/1B (right/left),

IIIb/VIIa, and 4A/4B (Figure 1).

In the patient, bilateral tibia hemimelia was observed. The clinical

and radiologic investigations, as well as the identified pathogenic

CHD7 mutation, are all in line with a diagnosis of typical CHARGE syn-

drome (Basson & van Ravenswaaij-Arts, 2015; Hale et al., 2016;

Janssen et al., 2012; van Ravenswaaij-Arts & Martin, 2017;

Verloes, 2005). Both CHARGE syndrome and tibia hemimelia are rare

conditions with estimated frequencies of 0.1–1.2/10,000 and

1:1,000,000 respectively (Blake & Prasad, 2006; Paley, 2016). Several

observations support that tibia hemimelia is indeed part of the limb

anomaly spectrum in CHARGE syndrome (Alazami et al., 2008; van de

Laar et al., 2007). First, CHARGE syndrome is much more frequently

seen in patients with tibia hemimelia than expected by its incidence.

In a large series of 117 consecutive patients with tibia hemimelia

treated at the Paley Institute, three patients had a diagnosis of

CHARGE syndrome corresponding to a frequency of 3%. Along the

same lines, among 95 patients with tibia hemimelia published by Clin-

ton and Birch (2015), 1 patient had CHARGE syndrome (1/95, 1%).

From the CHARGE syndrome point-of-view, among 580 consecutive

patients with a CHARGE syndrome phenotype seen at the national

multidisciplinary CHARGE clinic at the University Medical Center Gro-

ningen, The Netherlands, 4 patients (including the patient in the pre-

sent study) had unilateral or bilateral tibia hemimelia (4/580, 1%). Also

in the series published by Brock et al. (2003), tibia hemimelia was

observed in 1/172 patients (1%) with CHARGE syndrome. Second,

with the used exome sequencing panel (3671 genes) no other (poten-

tial) causative single nucleotide variants or CNVs in genes—including

FGF8 (Basson, 2014)—associated with tibia hemimelia or other limb

and developmental anomalies were identified (Basson, 2014; Petit

et al., 2017; Tao et al., 2017).

In CHARGE syndrome, loss-of-function of CHD7 has been pro-

posed as the (main) responsible mechanism (Bouazoune & Kingston,

2012; Vissers et al., 2004). However, the exact mechanism(s) underly-

ing and pathway(s) involved in tibia hemimelia in CHARGE syndrome

are largely unknown at present. This may involve direct effects of

altered CHD7 expression, modifier effects from variants in other

genes and/or by epistatic interactions with (local) perturbation of

expression of (downstream) transcription factors involved in limb for-

mation in the developing limb (Basson, 2014; Basson & van

Ravenswaaij-Arts, 2015; Browne et al., 2012; Petit et al., 2017; Riley

et al., 2007; Schnetz et al., 2010; Yu et al., 2013).

F IGURE 1 X-rays of the lower extremities of the patient. (a, b) The right hip and femur are normal. The proximal tibia is in normal position
and appears slightly hypoplastic. The proximal tibia has a sharp tapering and the distal 2/3 is absent. The distal end of the tibia causes a soft
tissue prominence. The hypertrophic fibula shows a clear varus deformity of the knee joint with apparent subluxation of the head. Ultrasound
showed a normal aspect patella. (c) The left hip and femur are normal. In the lower leg, there is total aplasia of the tibia. The fibula appears normal
but has a slightly hypertrophic impression. Ultrasound showed a normal aspect of the patella and a rudimentary tibial plateau
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In conclusion, we describe a patient with typical characteristics of

CHARGE syndrome with bilateral tibia hemimelia and provide esti-

mates of the frequency of CHARGE syndrome among patients with

tibia hemimelia and vice versa. The observations presented in our

report together with those in previous publications (Alazami

et al., 2008; van de Laar et al., 2007) indeed suggest that tibia

hemimelia is part of the phenotypic spectrum. Major limb anomalies

including tibia hemimelia in CHARGE syndrome should be further

studied.
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